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PREFACE 


The  reported  work  was  performed  under  contract  to  the  Depart- 
ment of  Transportation,  Transportation  Systems  Center,  for  the 
U.S.  Coast  Guard,  Office  of  Research  and  Development.  The  Coast 
Guard  project  officers  were  Lt.  Thomas  J.  Marh^vko  and  Fred 
Weidner  for  R§D  and  CWO  Robert  P.  Simpson  for  the  Office  of 
Engineering.  The  Transportation  Systems  Center  Technical  Monitor 
was  Robert  Walter.  The  efforts  of  the  378-foot  High  Endurance 
Cutters  commanding  and  engineering  officers  are  gratefully  acknow- 
ledged as  are  the  special  efforts  of  Lt.  F.L.  Ames  of  the  U.S. 
Coast  Guard  Third  District  in  obtaining  test  data  on  the  USCGC 
GALLATIN  (WHEC  721)  diesel  engine  conversion  to  turbocharger 
series  scavenging-air  system. 
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1,  SUMMARY 


The  program  was  initiated  to  identify,  by  study  and  test* 
the  most  cost-effective  methods  of  improving  performance  and 
economy  while  reducing  smoke  emissions  and  eliminating  the  opera- 
tional problems  of  the  Fairbanks  Morse  (FM)  3STB8-1/8  turbo- 
charged diesel  engines  which  power  the  378- foot  High  Endurance 
Cutters  (WHEC) . These  cutters  are  powered  by  a COBOG  propulsion 
plant  consisting  of  two  18,000  shp  aircraft- type  turbines  and  two 
3,500  shp  turbocharged  opposed  piston  diesel  engines.  Both  pro- 
pulsion plants  are  connected  through  reduction  gears  to  variable 
pitch  propellers. 

A study  of  major  operating  conditions  and  identification  of 
major  operating  problems  associate*,  with  the  diesel  engines  on  the 
378- foot  WHEC  cutters  were  required  as  well  as  recommendations  of 
methods  to  minimize  any  operational  deficiencies.  Data  for  this 
report  were  obtained  fron: 

1)  a reveiw  of  original  engine  test  records, 

2)  Fairbanks-Morse  Customer  Service  Department  engine  test  reports 

3)  a pointed  questionnaire  of  all  378- foot  WHEC  cutters, 

4)  special  in-house  laboratory  engine  tests, 

5)  tests  on  the  USCGC  GALLATIN  (WHEC  721), 

6)  personal  visits  to  selected  cutters  for  discussion  with 
engineering  officers  and  cognizant  propulsion  plant  personnel. 
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2,  BACKGROUND 


This  effort  is  a follcv-cn  tc  work  initiated  in  FY’74  by 
the  U.S.  Coast  Guard  through  TSC  to  minimize  the  smoke  emissions 
from  C6  icebreakers  (Contract  DQT-TSC-905) , That  work  was  to 
verify,  through  actual  field  tests,  the  effectiveness  of  proposed 
engine  modifications  to  improve  engine  efficiency  and  reduce 
exhaust  emissions  of  the  38D8-1/8  Fairbanks  Morse  blower-scavenged, 
opposed-piston  (O.P.)  engine.  Those  modifications,  which  had  been 
tested  in  the  laboratory,  consisted  of  newer  style  pintle-type 
nozzles,  shimmed  injection  pumps,  and  advanced  injection  timing.* 
The  field  test  on  the  #3  Main  Diesel  Engine  of  the  USCGC  MACKINAW 
(WAGB-83)  compared  baseline  (unmodified)  and  modified  engine  test 
results  while  the  shop  performed  the  routine  maneuvers  of  engine 
start-up,  idle,  undocking,  docking,  ^and  steady  steaming.  Gaseous 
and  smoke  emissions,  fuel  consumption,  and  other  pertinent  engine 
parameters  were  measured  as  a function  of  engine  speed  and  load.^ 


3,  CONCLUSIONS  AND  RECOMMENDATIONS 


We  have  identified  methods  of  improving  engine  performance 
through  engine,  operational,  and  maintenance  modifications  to  the 
FM  38TD3-1/8  engine  when  used  as  main  propulsion  power  in  the  378- 
foot  WHEC.  In  general,  these  improvements  are  associated  with 
problem  areas  being  encountered  by  these  engines  on  the  cutters. 
The  identified  problem  areas  and  recommended  methods  for  improve- 
ment are  listed  below.  The  conversion  from  the  existing  turbo- 
charger scavenging-air- system  to  a series- type  system  offers  the 
most  premise  for  improved  engine  performance  (Section  5.2). 

The  following  10  problem  areas  have  been  identified  for  re- 
medial action: 


Conclusions: 

1.  Some  Engines  are  not  capable 
of  meeting  full-power  trial  re- 
quirements without  excessive  ex- 
haust temperatures  or  reduced 
power  settings. 

2,  The  existing  turbocharger 
scavenging  air-system  gives  ex- 
cess air  at  low  engine  torque 
and  only  adequate  air  at  rated 
torque. 


3.  Some  engines  experience  ex- 
cessive fuel,  lube,  water,  and 
manifold  leaks  which  waste 
resources  and  reduce  engine 
efficiency. 


Recommendations : 

1.  Modify  the  full-power  trial 
directive  to  affect  procedural 
changes  in  these  trials. 


2.  Convert  all  FM38TD8-1/8  engines 
to  series  turbocharging.  This 

air  system  is  better  suited  for 
variable  speed,  variable  torque 
operation,  and  will  improve  fuel 
economy  2 to  10  percent.  Conduct 
field  tests  on  an  engine,  prior 
to  and  after  conversion,  to  fully 
document  the  improved  performance. 

3.  Convert  all  engines  to  gasket- 
less  fuel  injection  nozzles  to 
eliminate  high  pressure  fuel  leaks. 
Specify  "0"  rings  of  viton  in 
areas  of  water  leakage  problems. 
Up-date  manifold  joints  to  pre- 
sent production  engines  with  new 
or  machined  parts.  Reduce  leak- 
age and  fire  hazards  by  converting 
to  latest  production  wf.ter-cooled 
decks  above  the  exhaust  manifold 
(Section  5.3) . 
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4,  Three  different  piston 
styles  are  in  use  in  the  378 
fxcet-an  unnecessary  complica- 
tion  that  was  aggravated  by 
poor  lisson  between  FM  and  CG 
elements. 


5.  Trend  analysis  is  not  al- 
ways properly  conducted  to 
maximize  its  usefulness  in 
determining  engine  condition 
and  performance  dctcricra 


6.  Engine  overhaul  schedules 
and  parts  replacement  proce- 
dures require  review. 


8.  One-engine  operation  with 
proper  care  exercised  to 
eliminate  overtorquing  is  not 
being  practiced. 


4.  Convert  all  engines  on  an  as- 
needed  basis  to  the  latest  pro- 
duction-style piston,  which  will 
offer  economy  of  operation  and 
reduced  smoke.  Improve  liason 
between  FM  and  CG  to  assure  the 
CG  is  being  kept  aware  of  the 
latest  production  components 
{Section  5.4). 


S.  Obtain  trend  analysis  data 
(more  important  than  full  power 
trials)  every  200  hours  at  a set 
engine  speed  and  fuel  rack  set- 
ting with  compensation  for 
ambient  conditions  {Section  5.6). 
It  is  also  recommended  that 
engine  diagnostics  be  developed 
to  assist  in  engine  performance 
evaluation  (Section  5.9). 


6.  Sase  maintenance  on  a com- 
promise approach  with  some  com- 
ponents on  a scheduled  basis  and 
other  components  on  an  as-needed 
basis.  Schedule  maintenance  for 
engine  components  such  as  damper 
assemblies,  flexible  drives,  and 
engine  bearings  which  ha*'e  a 
known  useful  life  and  experience 
similar  wear-rates  regardless 
of  engine  speed  and  load. 


7.  Long  periods  of  engine  idle 
for  warm-up  and  engine  stand-by 
are  being  practiced,  a procedure 
considered  to  be  counter-produc- 
tive and  degrading  to  engine  per- 
formance. 


7.  Reduce  engine  idle  periods  to 
an  absolute  minimura--any  warm-ups 
in  excess  of  5 minutes  can  only 
result  in  reducing  the  viscosity 
of  the  oil  (Section  5.7), 


8.  Practice  one-engine  operation 
when  possible  since  it  reduces 
total  fuel  consumption  and  im- 
proves engine  performance.  The 
engine  torque  is  nearer  the 
optimum  fuel  economy  point  with 
better  brake  specific  fuel  con- 
sumption. This  also  keeps 
engine  temperatures  higher, 
reducing  the  possibility  of  oil 
build-up  in  the  manifolds.  How- 
ever, it  is  important  that  the 
governor  linkage  be  properly  set 
to  assure  the  engine  cannot  be 
over-torqued  (Section  5.10). 
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9.  A method  of  measuring 
engine  load  that  would  be 
more  useful  in  engine 
condition  monitoring  is 
required , 


10.  Some  cutters  have  ex- 
perienceu  bearing  failures. 
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9.  Utilize  a calibrated  fuel- 
rack  position  indicator  for  a 
reliable  measure  of  engine  torque 
in  light  of  the  past  CG  experience 
and  the  complication  of  shaft 

Hp  meter  (Section  5.8). 

10.  Minimize  catastrophic  bearing 
failures  by  increased  use  of 
engine  starting  and  shut-down 
interlocking  in  the  lube  oil 
circuit  and  strainers  to  eliminate 
human  error.  A good  spectro- 
graphic  lube  oil  analysis  program 
should  indicate  normal  bearing 
wear.  The  importance  of  crew 
training  must  be  emphasized 
(Section  5.11). 
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4.  APPROACH 


4 4 QUEST!  pNNA  I RE  .SURVEY 


A questionnaire  survey,  relating  to  all  main  diesel  engines  in 
the  378- foot  WHEC  fleet,  was  answered  by  the  ships’  engineering 
officers.  The  responses  showed  a similarity  in  problems  and  poten- 
tial solutions  from  ship  to  ship.  Some  of  the  problems  were  iso- 
lated cases  but  the  major  problems  occurred  throughout  the  fleet. 
The  most  serious  problems  identified  were:  (1)  engine  not  capable 
of  producing  full  power,  (2)  exhaust  manifold  leakage  with  result- 
ant engine  room  exhaust  gas,  (3)  fuel  and  lube  oil  leakage,  (4) 
liner  seal  leaks,,  (5)  oil  leakage  at  the  exhaust-deck  seals,  and 
(6)  high  exhaust  temperatures  encountered  during  efforts  to  obtain 
full  power.  Detailed  discussion  of  problems  mentioned  above  are 
included  in  Appendix  A. 


4.2  SHIPS  VISITS  AND  INTERVIEWS 


The  visits  to  various  378-foot  WHEC  cutters  and  interviews  with 
the  responsible  engineering  personnel  generally  confirmed  the  re- 
sults of  the  questionnaire  survey.  Cutters  visited  included  the 
USCGC's  DALLAS  (716),  GALLATIN  (721),  HAMILTON  (715),  SHERMAN  (720), 
RUSH  (723),  MIDGETT  (726),  and  MUNRO  (724).  Discussions  were  also 
conducted  with  various  district  type-desks.  The  results  of  these 
interviews  are  included  as  part  of  the  major  problem  areas  discussed 
in  Section  4 and  detailed  in  Appendix  A. 
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Exhaust  Manifold  Gaskets  and  Leaks 
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Scavenging  Air-Piping  Leaks 
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Cylinder  Air  Start  - 12  versus  6 Air  Start  Valves 
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13*.  Crankcase  Vacuum  Problems 
, ILube  Oil  Pump  Level 

,•15 ..  . Exhaust  Temperatures  Higher  than  Recommended 

1)5,.  Piston  Designs  Available. 

4.3  ORIGINAL-'  ENGINE  ACCEPTANCE  TEST  DATA 

The  original  shop  test  logs  of  the  engines  built  for  the  Coast 
Guard  378 -foot  WHEC  cutters  were  reviewed  (Appendix  B)  and  the 

average  performance  data  of  every  engine  at  each  25  percent  incre- 

, ^ ‘ 

ment  of  load  was  tabulated  on  a different  log  sheet  for  ease  of 
comparison  (Figures  B-1  to  B-10).  Careful  examination  will  show 
the  effect  of  engine  air  inlet  temperature  on  overall  engine  per- 
formance. For  instance,  note  the  wide  variation  of  compressor  air 
inlet  temperature  at  100  percent  load  (Figure  B-7).  With  the 
existing  style  scavenging  air  system,  the  ’turbo  air  inlet  tempera- 
ture ;i-s  not  only  tdependent  on  ambient  temperature  but  also  on  work 
done  by  the  engine  driven  blower. 

The  100  percent  load  air  receiver  pressure  (Figure  B-7)  shows 
how  similar  all  engines  performed  at  the  shop  test  trials.  They 
all  ran  between  32  and  34.8  inches  of  mercury  air  receiver  pressure 
at  rated  load  and  speed.  The  average  data  of  all  the  engines  is 
plotted  on  Figures  B-13  and  B-14  of  Appendix  B.  The  rated  speed 
and  load  fuel  consumption  averaged  .376  Ibs/bhp/hr  with  a new  engine. 
This  consumption  can  improve  up  to  2.5  percent  as  the  engine  be- 
comes, well  run-in. 

A variable  load  and  speed  test  was  performed  on  one  of  the 
subject  engines,  S/N  38D867070-TDG12 . Data  is  plotted  on  Figures 
B-15,  B-16,  and  B-17,  and  B-18  of  Appendix  B.  Figure  B-18  is  quite 
useful  in  determining  engine  load- speed  characteristics  for  optimum 
fuel  consumption  of  the  main  propulsion  diesel  engine.  If  the 
engine  torque  were  held  at  around  75  percent  to  80  percent  of  rated 
torque  with  the  scavenging  air  system  when  operating  at  reduced 
speeds,  the  fuel  rack  reading  would  be  about  5.5  and  the  brake 
specific  fuel  consumption  (BSFC)  would  be  ,360,  .364,  ,368  and  .370 
lbs/bhp/hr  respectively  at  500,  600,  700  and  800  engine  rpm  while 
the  horsepowers  would  be  1500,  1850,  2150  and  2900.  The  800  rpm 
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point  is  at  90  percent  torque  and  6.3  rack.  At  rated  speed  and 
100  percent  torque,  the  rack  would  read  7*3  with  a BSFC  of  about 
.380.  RPM,  horsepower,  and  BSFC  values  are  500  - 1200  - .368,  600  - 
1700  - .3675,  700  - 2256  - .368,  800  - 2900  - .370,  and  900  - 3600  - 
.380  if  one  follows  the  torque  limiting  curve  per  the  engine  in- 
struction book  (Figure  B-19).  comparing  these  numbers  to  those 
in  the  above  paragraph,  we  can  see  a potential  reduction  in  fuel 
consumption  (of  2.2  percent  at  500  rpm  and  1 percent  at  600  rpm) 
as  a result  of  increasing  the  engine  load  above  the  design  torque 
curve . 


4.4  LABORATORY  TEST  DATA 

Laboratory  tests  were  run  on  a 6-cylinder  engine  with  turbo- 
blower, series- scavenging  system  operating  along  the  contract  load- 
speed  specifications  of  Curve  I1188CH  (Appendic  C) . In  support 
of  thb1  GALLATIN  conversion  to  a series  scavenging  system,  data  was 
obtained  with  various  size  nozzle  rings  and  is  shown  in  Appendix  D. 
These  results  will  be  discussed  in  more  detail  under  Section  5.2 
on  the  turbocharger-series-conversion. 


5,  378-foot  whec  main  diesel  engines  - 
PROBLEMS  and  corrective  actions 


5.1  FULL- POWER  TRIALS 

An  engine  in  normal  operating  condition  should  have  no  problems 
performing  a full  power  trial.  The  full-power  trials,  as  presently 
required  by  the  Coast  Guard  on  these  engines,  will  always  show  up 
poorly  for  the  engine  when  power  demand  is  more  than  engine  rating. 
Engine  operating  parameters  such  as  rack  readings  are  better  indi- 
cators of  the  horsepower  required  by  the  ship's  propeller  than  the 
ship's  speed,  horsepower  meter  or  prop-pitch  setting.  With  the 
engine  fuel-racks  limited. to  full  power  setting  and  balanced  per 
FM  instructions,  the  propeller  pitch/ speed  should  be  changed  to 
produce  engine  rated  speed  and  lead.  Engine  and  loading  data 
should  then  be  obtained  to  help  determine  changes  in  engine  and 
propeller  efficiency  with  time. 

Tf  the  engine  performance  data  is  adequate,  the  percentage 
change  in  propeller  horsepower  indication  is  more  than  likely  in 
the  horsepower  meter  and/or  propeller  pitch  and  ship  efficiency. 

The  horsepower  output  of  the  engine  is  only  proportional  to 
the  engine  speed  while  the  propeller  requirement  is  the  cube  of  the 
speed  (Figure  1).  In  meaningful  terms,  because  of  hull  fouling 
or  improper  pitch  setting,  the  ship's  propeller  requires  engine 
rated  power  at  a 1 percent  reduction  in  propeller  speed  (148.5  rpm 
versus  150  rpm) , and  the  engine  would  have  to  be  overfueled  more 
than  3 percent  to  return  to  rated  speed  of  150  rpm.  The  actual 
engine  full  torque  will  then  occur  at  an  engine  speed  of  887  rpm 
and  at  98.5  percent  rated  power.  To  obtain  rated  speed  would 
require  the  engine  to  put  out  3607  shp  instead  of  3500  shp.  It 
would  be  better  to  load  the  engine  at  rated  speed  until  the  full 
power  fuel-rack  setting  is  reached  and  then  obtain  engine  performance 
data  for  comparison  with  prior  data. 

An  alternative  to  a full  power  trial  would  be  to  run  at  full 
torque  at  rated  speed  or  rated  torque  at  some  lower  speed  to  deter- 
mine the  condition  of  the  engine  and  ship  propulsion  system.  This 
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FIGURE  1.  ENGINE  POWER  VS  SPEED  CURVE  FOR  PROPELLER  LOADING 


could  be  accomplished  by: 

,1.  Rated,  torque  and:  speed  power  trials.  Reduce  propeller 
pitch  to  allow  engine,  to  come  to  rated  rpm.  Increase  pitch  until 
full  power  rack-reading  is  obtained  (^7.5).  Proceed  with  2 hour 
test  run  and  log  all  propulsion  data  as  well  as  engine  tempera- 
tures, pressures,  etc.  Compare  data  with  previous  test  runs  to 
determine  if  any  deficiencies  exist  in  the  engine  or  loading  system. 

2.  Rated  torque  or  fuel  input  at  something  less  than  rated 
speed.  The  pitch  could  always  be  maintained  at  a constant  setting 
(say  1.0)  and  engine  speed  increased  until  the  average  fuel -rack 
reading-  remained  at  7.0.  Proceed  with  2 hour  test  run  and  log  all 
engine  and  propulsion  data,  provided  the  manufacturer's  limits  on 
engine  operating,  parameters  are  not  exceeded. 

5.2  SCAVENGING  AIR  SYSTEM 

Turbocharging  increases  the  efficiency  of  all  types  of  diesel 
engines  but  makes  them  more  prone  to  inefficient  performance  unless 
they  are  properly  operated  and  maintained.  Many  of  the  present 
operating  complaints  are  directly  or  indirectly  related  to  the 
existing  scavenging  air  system  which  gives  a fixed  mass  of  air  as 
a function  of  engine  speed  up  to  approximately  85  percent  of  rated 
torque. 

This  system  (GALLATIN  excluded)  gives  more  air  than  needed  at 
low  engine  torques  and  only  adequate  air  at  rated  torque  even  if 
the  total  engine  system  is  in  good  operating  condition.  This  air 
system  is  optimum  at  75  to  85  percent  of  rated  torque.  The  air  is 
supplied  by  a roots-type,  positive-displacement  blower  connected 
in  series  with,  and  up  stream  of,  the  turbochargers.  Above  85  per- 
cent torque  the  engine  operates  as  a self-sustained,  turbocharged, 
two-cycle  engine.  However,  the  roots-blower  continues  to  take  some 
power  and  heats  the  inlet  air  to  the  turbocharger.  This  heated  air 
reduces  the  efficiency  of  the  turbochargers. 

Many  of  the  problems  associated  with  the  air  scavenging  system 
can  be  alleviated  by  conversion  to  the  turbocharger  series  blower. 
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In  this  arrangement  the  engine  scavenging  air  system  is  converted 
. . to  p 1 ace:  the^sca  venging  - aiT*,  roots  - blower  after  the  turbocharger* 

I 'Minimum- 'e'qui^mtfnt-  changes  required  included:  (1)  new  air  cooler 

supports  and  'pipings  from  supports  to  blower,  (2)  modification  Of 
the  blower»an'nen  bearihg  piate  to  allow  air  discharge  directly  into 
4 the  engine  a' iTrTeceivef-,  (30  blower-drive  gears,  (4)  crankcase 

ejector  'system,-  and  (50‘  possible  turbocharger  nozzle  ring  modifica- 
tion. This,  air>;  system,  which  is  standard  on  all  new  turbocharged 
enginesr,r  is  much -better,  suited  for  variable-speed,  variable-torque 
type  engine;  operation..  Air  flow  can  be  tailored  to  the  engine 
application  by  varying  the  turbocharger  nozzle-ring  size  and  blower- 
drive  gear  ratio. 

, The  engine  brake  specific  fuel  consumption  can  be  reduced  from 

2 to  10  percent  through  the  engine  speed  range  of  500  to  900  rpm 
by  changing  to  the  turbo-blower  series  scavenging  air  system.  The 
pre-turbine  exhaust  will  generally  reach  temperatures  between  500 
and  900°F  in  the  range  of  500  to  900  rpm  engine  speed  with  a fixed- 
pitch  propeller  loading. 

The  extra  scavenging  air  available  from  the  conversion  to  the 
turbocharger  series  blower  also  reduces  the  thermal  stresses  at  the 
exhaust  mr  joints  and  increases  the  over-fueled  smoke  limit- 

ing load  of  the  engine. 

5.2.1  Turbo-Blower  Series  Conversion  - parts  and  costs 

The  conversion  list  price  is  $15,896.75  per  engine  less  Coast 
I Guard  discount  in  effect  at  time  of  placing  the  order.  Labor  for 

the  conversion  is  not  included  in  Jhis  estimate.  In  addition  to 
changing  out  the  parts  listed  below,  work  necessary  during  the  con- 
\ version  includes  cutting  two  openings  in  the  blower  inner  bearing 

plate  and  inspecting  and  rebuilding  the  blower  if  deemed  necessary. 
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1.. 

. Blower.  Drive  Gears. 

• . 

FM  part  # 

16  401  281 

2. 

Piping  Turbo  Inlet 

- 

16 

608 

398 

3. 

Piping  Turbo  Discharge 

- 

16 

608 

489 

4. 

Gasket  Kit 

- 

16 

608 

405 

5. 

Flange 

- 

16 

608 

224 

6. 

Piping  Spacer  Kit 

- 

16 

608 

498 

7.- 

Crankcase  Ejector 

- 

16 

608 

423 

The  ratio  of  specified  blower  gears  are  1.385  and  should  not 
require  a turbocharger  nozzle  ring  change. 

In  the  above  conversion,  if  the  present  air  check-valve  housing 
were  reus„ed  as  part  of  the  air  piping  and  the  opening  blocked  off 
by  .making  flanges  and  gaskets,  the  price  would  be  reduced  by  $798.19. 
If  the  air  coolers  have  excess  cooling  capacity,  the  air  header 
above  the  first  cooler  and  the  connector  between  the  two  headers 
would  not  require  replacement,  and  another  $2,913.79  can  be 
saved  for  a final  cost  of  $12,381.79.  A 5 percent  improvement  in 
fuel  consumption,  could  amount  to  $9000  in  a period  of  5000  hours 
operation  at  an  average  load  of  2000  horsepower  with  35  cents  per 
gallon  fuel  cost.  The  savings  would  be  about  .1  cents  per  horse- 
power - hour  with  a 5 percent  improvement  in  fuel  consumption. 

If  the  average  378-foot  WHEC  uses  1,000,000  gal  of  fuel  per 
year  and  the  assumption  is  made  that  70  percent  of  this  fuel  is 
burned  by  the  main  diesel  engines,  then  a 5 percent  savings  at  $.35 
per  gallon  would  be  $12,250.  It  would  appear  that  the  payback  time 
for  a two-engine  conversion  would  be  two  to  four  years,  not  includ- 
ing, the  operational  and  safety  benefits  accrued  from  such  a con- 
version. 

5.2.2  Cutter  Gallatin  Conversion  - Experience  and  Test  Results 

In  1977  the  USC6C  GALLATIN  (WHEC-721)  engines  were  converted 
to  turbo-blower  series  scavenging  system  via  Government  Register 
Number  92-930466.  The  system  consisted  of  new  air  piping,  slower 
blower  drive  gears  (1.51:1  ratio),  crankcase  ejector  kit,  gasket 
kit,  and  spacer  kit.  The  engine  had  10°  gasketless  nozzles  and  the 
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rotating  piston  combination  (See  Section  7.4.)  After  the  turbo- 
charger nozzle  rings  were  changed  from  19 -to  21  square  inches, 
operational  engine  data,  were  obtained.  These  data  are  shown  in 
Appendix  D as  Curves  63  and  64. 

Curve  63  shows  engine  performance  between  500  and  900  rpm  with 
both  engines  operating.  Note  the  combined  exhaust  temperatures  to 
the  turbocharger  remained  between  600°F.  and  875°F.  throughout  the 
engine  operating  speed  range.  These  temperatures  are  high  enough 
to  prevent  accumulation  of  oil  in  the  exhaust  system  and  low 
enough  to  prevent  premature  failure  of  the  exhaust  manifold  gaskets 
and  flexible  connectors. 

The  initial  excess  air  problems  associated  with  USCGC  GALLATIN 
conversion  have  been  resolved  by  going  to  a 21  square  inch  nozzle 
ring  in  the  turbochargers.  However,  the  real  cause  seems  to  be 
the  blower  drive  gear  ratio  used  in  the  conversion  kit  (same  as 
used  for  stationary  720  rpm  conversions)  and  the  10  degree  injection 
nozzles.  The  nozzles  are  being  changes  to  15°,  but  test  data  are 
not  yet  available.  However,  the  conversion  has  performed  faultless- 
ly to  data,  other  than  the  high  scavenging  and  firing  pressures 
observed  at  rated  speed  and  load.  While  it  is  believed  that  the 
engine  performance  could  be  slightly  improved  by  going  to  slower 
blower-drive  gears  and  a smaller  turbocharger  nozzle-ring,  the  data 
indicate  the  engine  is  performing  satisfactorily. 

Curve  number  64  shows  operation  of  the  GALLATIN  with  one  engine 
in  the  engine  speed  range  of  500  to  720  rpm.  The  fuel -rack  readings 
indicate  that  the  same  engine  torque  occurs  at  700  to  720  engine 
rpm  with  one  engine  operation  as  occurs  at  850  rpm  with  two-engine 
operation.  Here  again,  it  is  believed  that  the  performance  could 
be  improved  with  a slightly  slower  blower  and  smaller  turbo- 
charger nozzle-ring  area. 

5.2.3  Laboratory  Test  Data 

As  previously  mentioned,  some  laboratory  tests  were  run  at  the 
FM  plant  on  a six  cylinder  engine  with  the  series  conversion  and  19 
and  21  in.  nozzle  rings.  The  results  are  detailed  in  Appendix  C in 


curves  60  through  62. 

The  fuel  consumption  numbers  from  a 6-cylinder  engine  cannot 
be  used  as  shown  for  comparison  to  the  12  cylinder  engine  because 
the  engine  loading  is  not  corrected  for  the  water-pump  which  re- 
quires 43  horsepower  at  900  rpm.  The  correction  required  changes 
the  .371  BSFC  to  .362  with  the  Elliott  turbocharger  at  900  rpm 
engine  speed.  The  interesting  aspects  of  these  data  are  the  changes  in 
exhaust  temperature  with  speed  and  the  change  of  air-manifold  pres- 
sure with  engine  torque  and  speed.  The  old-style  scavenging  system 
gave  a range  of  exhaust  temperatures  from  650  to  960°F.  versus  740 
to  915°F.  for  the  turbo-blower  series  arrangement  at  contract  torque 
speed-loading.  The  comparison  would  be  even  more  startling  at 
torque  per  the  propeller  curve  loading. 

Propeller  curve  data  run  on  a lab  engine  in  1971  with  the 
turbo-blower  series  scavenging  system  and  rotating  turbocharged 
engine  pistons  is  attached  in  Appendix  C as  Curve  number  66.  The 
fuel  consumption  was  decreased  2 percent  to  8 percent  when  compared 
with  the  present  engine  scavenging  system  with  typical  propeller- 
engine  loading.  This  data  is  very  similar  to  what  should  be 
expected  of  the  GALLATIN  engine  conversion  with  a slightly  smaller 
scavenging  air-blower. 

Further  laboratory  tests  to  determine  the  operating  parameters 
of  a turbo-blower  series  engine  at  various  speeds  and  torques  are 
required  to  develop  good  performance  maps  of  the  engine  in  marine 
service, 

5.3  FUEL,  LUBE  OIL,  AND  WATER  AND  AIR  LEAKS 

Leaks  waste  vital  resources  and,  in  the  case  of  air  and  exhaust 
leaks,  can  affect  engine  efficiency.  The  engine  must  be  kept  free 
of  external  leaks  te  prevent  loss  of  fuel  and  lubricating  oil.  Air 
and  exhaust  gas  leakage  is  a form  of  wastegating  energy  in  the 
scavenging  system  of  an  engine.  This  reduces  the  overall  efficiency 


of  the  engine  Turbocharger  and  is  directly  reflected  in  the  engine 
fuel  consumption.  The  propulsion  plant  personnel  should  always 


check  for  leaks  and  make  necessary  repairs  at  vhe  :£irst  opportunity. 
The  engine  should  not  be  operated  with  large  scavenging  ait*  or  ex- 
haust gas  leaks  except  in  cases  o£  emergency. 

The  engines  have  been  or  are  being  converted  to  the  newer 
style  gasketless  injection  nozzles.  This  conversion  will  eliminate 
nearly  all  sources  of  high  pressure  fuel  oil  leakage. 

Engine  availability  can  be  increased  by  specifying  0-rings  of 
viton  material  for  areas  where  water  leaks  have  developed  prior 
to  replacement  at  overhaul  time.  However,  these  rings  are  about 
2-1/2  times  more  costly  than  the  standard  Q-ring  material. 

Engine  efficiency  can  also  be  improved  by  reducing  manifold 
gas  leakage.  Manifold  joints  can  be  updated  to  current  production 
standards  by  machining  or  applying  new  parts.  One  of  the  ships 
was  using  two  flexitallic  exhaust  manifold  gaskets  in  each  joint 
to  correct  for  exhaust  manifold  flange  warpage.  This  makes  it 
very  difficult  to  maintain  a tight  joint  due  to  the  gasket  creepage 
and  loss  of  joint  bolting  torque.  The  loose  bolts  then  allow  the 
gaskets  to  leak  and  burn  out.  Engine  fire  hazard  will  be  reduced 
by  adopting  these  changes  as  well  as  new  pistons  (Section  5.4) 
and  can  be  further  improved  by  incorporating  the  latest  production 
water-cooled  deck  above  the  exhaust  manifolds. 

5.4  PISTONS  AND  INJECTORS -EX I STING  AND  RECOMMENDED  STYLES 

Engine  power  pistons  are  presently  of  the  rotating  style  or 
the  Mexican  hat  fixed  design.  The  378-foot  WHEC’s  have  been 
changing  over  to  the  Mexican  hat  fixed  design  as  the  rotating 
pistons  require  replacement.  The  HUNRO  AND  MIDGETT  engines  were 
supplied  with  Mexican  hat  fixed  pistons  while  all  other  cutters 
originally  had  the  rotating  piston*  Generally,  the  engines  with 
fixed  pistons  have  had  no  piston  failures , except  due  to  external 
causes,  while  several  engines  with  rotating  pistons  had  one  or 
more  failures.  The  fixed  Mexican  hat  piston  generally  produced  more 
smoke,  more  port  carboning,  and  more  cracked  cylinder  liners  but 
experienced  less  mechanical  problems  and  liner  seal  leakage  problems. 
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When  changing  to  the  fixed  style  piscon,  the  latest  production 
version  should  be  adopted  in  lieu  of  the  Mexican-hat  style.  This 
new  piston  is  more  durable  and  will  produce  less  smoke  and  provide 
better  fuel  consumption  than  the  Mexican  hat  piston. 

All  FM  opposed  piston  turbocharged  diesel  engines  use  the  same 
cylinder  liner.  There  are  three  different  pistons  available  for 
the  38TD8-1/8  engine: 

1*  Rotating  piston.  The  upper  and  lower  pistons  have  different 
cup  volumes  and  must  be  used  in  combination  of  one  upper  and  one 
lower  piston  per  cylinder.  The  piston  assembly  has  a bearing  be- 
tween the  piston  and  piston  carrier  to  allow  the  piston  to  rotate 
freely  and  is  retained  to  the  carrier  with  lock-plates  and  cap- 
screws . 

2.  Mexican  hat  fixed  piston.  The  upper  and  lower  pistons 
have  the  same  cup  volumes  but  are  different  due  to  fuel  slots  for 
the  injection  nozzle  fuel  spray  located  at  the  edge  of  the  crown. 

They  must  be  used  in  combination  of  one  upper  and  one  lower  piston 
per  cylinder.  The  piston  is  fastened  to  the  piston  carrier  with 
four  capscrews  and  is  not  free  to  rotate. 

3.  Turbo-fixed  piston  (present  production  piston) . The  upper 
and  lower  pistons  are  identical  and  two  of  these  pistons  are  used 
per  cylinder.  The  piston  has  a combustion  chamber  or  crown  shape 
similar  to  the  rotating  style  pistons.  The  piston  is  fastened  to 
the  piston  carrier  with  four  capscrews  and  is  not  free  to  rotate. 

For  this  same  engine  there  are  two  different  injection  nozzles 
available: 

a.  15°  Injector.  This  injector  has  a holder  with  the  tip 
pointing  15*  off  the  centerline  of  the  injector  body.  It  is  in- 
tended for  use  with  all  engines  not  having  Mexican  hat  pistons  and 
is  the  only  injector  recommended  for  use  with  the  turbo-fixed 
piston.  This  injector  can,  however,  be  used  successfully  with  the 
other  type  pistons  available  for  the  engine. 

b.  10°  Injector.  This  injector  has  a holder  with  the  tip 
pointing  10*  off  the  centerline  of  the  injector  body.  It  is  intended 


for  use  with  the  Mexican  hat  piston  and  can  be  used  successfully 
with  the  rotating  piston; 

The^advantages  and  disadvantages  of  these  various  power  com- 
binations are  discussed  in  Appendix  E. 

It  became  apparent  that  some  elements  of  the  Coast  Guard  were 
not  cognizant  of  the  latest  production  components.  In  order  to 
alleviate  this  situation,  direct  liaison  between  the  WIIEC  type 
desk  of  the  Coast  Guard's  Naval  Engineering  Division  (G-HNH)  and 
FM  engineering  should  be  established  on  a semi-annual  basis.  This 
will  keep  ENE  aware  of’ the  latest  design  production  changes  avail- 
able. However,  some  of  the  latest  changes  are  listed  below,  and  it 
is  recommended  that  they  be  incorporated  into  CG  engines  as  early 
possible: 

1)  exhaust  manifold  gasket  grooves, 

2)  air  piping  packing  assembly, 

3)  exhaust  belt  seals  and  gasket  grooves, 

4)  gaskctlcss  fuel  injectors, 

5)  exhaust  pipe  screens  to  protect  turbos, 

6)  water  cooled  injection  compartment  decks. 

5.5  MAINTENANCE  AND  OVERHAUL 

The  maintenance  of  the  378-foot  WJIHC  engines  is  fairly  good 
considering  the  high  turnover  rate  of  shipboard  mechanics.  it  was 
noted  that  a considerable  variation  existed  in  engine  room  morale 
from  ship  to  ship.  Recurring  engine  problem  ureas  can  contribute 
to  poor  morale.  If  the  basic  causes  of  engine  problems  arc  not 
restlved*  an  engine  that  requires  nearly  continuous  attention  for 
barely  acceptable  engine  performance  may  result.  Also,  if  the  main- 
tenance requirements  become  overbearing  for  the  crow,  general  engine 
neglect  becomes  the  rule. 

The  Coast  Guard  sends  nearly  all  their  engine-men  through  a 
one-week  school  held  by  FM  in  Beloit,  Wisconsin.  This  school  is 
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brief  but  quite  informative  on  the  unique  features  of  the  opposed 
piston  igine,  both  naturally  aspirated  and  turbocharged. 

, The  larger  engine  maintenance  jobs,  including  overhauls  on 
these  ships,  ars  usually  undertaken  with  the  direction  of  an  FM 
factory  representative  and  a Coast  Guard  maintenance  team. 

Scheduled  versus  As-Needed  Maintenance  and  Overhaul 

Service  parts  replacement  and  overhaul  should  be  carried  out 
as  necessary  and  only  on  an  as-needed  basis. 

To  overhaul  an  engine  on  an  as-needed  basis  requires  excellent 
records  of  power  parts  replacements  and  visual  and  dimensional  in- 
spections. It  does  not  mean  an  engine  should  be  run  until  a break- 
down occurs.  A complete  overhaul  should  be  scheduled  when  enough 
of  the  engine  power  parts  are  approaching  their  wear  limit  since 
it  is  more  economical  to  replace  all  parts  rather  than  only  those 
in  need' of -replacement.  This  will  usually  occur  when  the  upper 
piston  compression  rings  are  worn  out.  However,  depending  on  the 
engine  service,  the  O.P.  engine  will  require  two  lower  piston  ring 
changes  per  upper  piston  ring  change.  Lower  pistons  can  be  removed 
and  rerung  easily  with  about  3 man-hours  per  cylinder  labor  and  re- 
quires only  new  rings  and  new  cotter  keys  for  the  connecting  rod 
bolts.  The  current  Overhaul  Directive  is  attached  as  Appendix  F. 

Scheduled  maintenance  should  only  be  applied  to  engine  com- 
ponents that  generally  have  a known  useful  life  and  see  a similar 
wear-rate  regardless  of  engine  operating  conditions.  Some  of  these 
components  are  damper  assepiblies,  flexible  drives,  engine  bearings, 
etc.  Scheduled  maintenance  on  power  components  will  generally  only 
work  well  and  be  economical  if  the  engine  operating  conditions 
remain  the  same  day  after  day.  Scheduled  maintenance  is  costly 
a,.d  may  cause  unexpected  maintenance  requirements  due  to  poor  re- 
pairs'. On  the  other  hand,  properly  performed  scheduled  maintenance 
may  alleviate  unexpected  engine  failures. 

The  best  approach  would  be  scheduled  power  component  inspec- 
tions in  conjunction  with  trend  analysis  (Section  5.6).  The  upper 
compression  rings  can  easily  be  inspected  for  wear  and  breakage 
through  the  air-ports  at  intervals  of  2500  hours  or  less.  The 


lower  piston  compression  rings,  can  be  inspected  through  the  exhaust 
ports  any  time  the  exhaust  manifolds  are  removed  for  re-gasketing 
or  by  dropping  one  or  two  piston  assemblies.  Any  time  a piston 
assembly  is  removed,  the  compression  rings  should  be  replaced. 

Always  note  the  hours  on  rings  and  their  condition  as  an  indicator 
for  when  the  other  lower  rings  should  be  replaced. 

Liner  bore  conditions  can  be  determined  by  visual  and  feel 
inspection  through  the  exhaust  ports  or  when  the  lower  piston  is 
removed.  If  an  individual  upper  piston  requires  replacement  of 
broken  r.ings  prior  to  other  rings  wearing  out,  it  can  be  removed 
down  through  the  liner  with  available  tools  and  rigging  without 
removal  of  the  upper  crankshaft.  Generally,  inspections  should  be 
conducted  as  scheduled  and  as-needed  plus  whenever  other  engine 
work  would  make  inspection  convient.  Engine  components  such  as  air 
start  valves  and  injectors  should  have  a scheduled  inspection  and 
be  repaired  as  indicated  by  these  inspections.  Injection  pump 
condition  can  be  determined  by  visual  inspection  of  one  or  two 
assemblies.  Condition  of  plunger  helix  barrel  port  holes,  rack  and 
pinion  teeth,  and  delivery  valves  should  be  noted  and  recorded. 

Ir  all  cases,  different  assemblies  can  be  inspected  at  each  scheduled 
inspection  interval.  This  inspection  should  include  a dimensional 
check  cf  all  wearing  type  components  and  a record  of  operating 
hours  and  the  dimensions. 

As  previously  stated,  good  general  engine  maintenance,  such  as 
repairing  all  air,  exhaust,  and  fuel  and  water  leaks  as  they  deve- 
lop, will  make  it  much  easier  to  spot  internal  engine  deficiencies. 
The  engine  instrumentation  and  connection  lines  must  be  kept  clean 
and  in  good  repair  for  proper  monitoring  of  engine  performance. 

5.6  ENGINE  TREND  ANALYSIS 

Engine  trend  analysis  data  can  be  more  important  than  full 
power  trials  as  an  indicator  of  engine  condition.  It  reflects 
changes  in  engine  performance  with  time  whereas  the  full  power 
trial  indicates  the  system  capability  as  only  one  time  annually. 

The  trend  analysis  is  useful  for  determining  engine  deteriora- 
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tiqn  an<l  ptin.^pointing  operational  problems.  Without  good  trend 
irecords  it;  becomes  y.ery.  .difficult  to  continue  performing  good 
engine  ;arev;e.ntiYe- type  maintenance.  A well  conducted  program  can 
keep  engine.?,  ;in  top  operating  condition. 

We,>  recommended  obtaining  operating  data  every  200  hours  or 
whenever  engine  difficulties  are  suspected.  It  is  very  important 
that  data  for-  trend  plotting  be  obtained  at  comparable  engine 
operating  conditions.  Good  trend  data  is  obtained  each  time  at  the 
same  engine  r pm  and  fuel  rack  reading.  In  a turbocharged  engine, 
scavenging  pressures  and  the  other  engine  parameters  affected  by 
scavenging  pressure  will  show  a change  with  speed  and  torque. 

Engine  ambient  conditions  should  be  taken  into  consideration  and 
plotted  along  with* propulsion  loading  data.  The  engine  rpm  and 
fuel  rack  setting  are  the  most  important  baseline  references  when 
obtaining  engine  data;  not  ship  speed,  propeller  pitch,  water  depth, 
hull  cleanliness,  etc. 

Th«  following  should  be  considered  in  trend  analysis: 

1.  Cylinder  Compression  and  Firing  Pressures.  These  pres- 
sures are  most  helpful  in  pinpointing  a malfunctioning  cylinder. 
Generally,  if  other  engine  operating  pressure  and  temperature  in- 
dications are  normal,  it  is  not  worth  the  effort  to  check  the 
firing  and  compression  pressures  of  every  cylinder.  Checking  the 
firing  pressure  of  one  cylinder  every  200  hours  would  be  worth- 
while to  assure  that  the  engine  and  fuel  settings  have  not  changed 
the  overall  engine  peak  combustion  pressures.  If  the  check  in- 
dicates a change,  then  other  cylinder  readings  should  be  taken  to 
verify  the  change  and  appropriate  action  taken  to  correct  the  cause. 

2.  Cylinder  Exhaust  Temperatures.  The  exhaust  temperatures 
are  a good  guide  to  the  efficiency  of  the  cylinder  combustion. 

(The  two-cycle  O.P.  turbocharged  engine  exhaust  temperatures  should 
never  be  balanced  by  adjusting  the  fuel  racks).  The  indicated 
tempevature  is  a time-average  of  the  real  temperature  to  which  the 
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measuring  thermocouple  is  exposed,  and  in  the  case  of  FM  engines, 
the  cylinder  causing  the  higher  temperature  may  be  actually  up- 
stream from  *the  one  indicating  the  largest  temperature  increase. 

It  is  best  to  plot  the  average  temperature  of  each  three -cylinder 
manifold  grouping  for  analysis  and  log  the  individual  temperatures 
on  a separate  sheet.  Individual  or  group  changes  in  the  exhaust 
temperatures  without  a change  in  other  engine  parameters  point  to 
faulty  fuel  injection  components.  A temperature  change  in  all 
cylinders  indicates  a timing  or  fuel  change  to  all  cylinders. 

Always  study  the  temperatures  and  try  to  logically  explain  changes 
as  indicative  of  changes  in  air  manifold  pressure,  load,  ambient 
temperature,  air  manifold  temperature,  or  fuel-rack  reading.  If 
only  one  temperature  is  greatly  different,  it  may  be  instrumenta- 
tion. A faulty  reference  temperature  for  thei pyrometer  can  also 
lead  to  a change  in  all  the  temperatures.  Also,  a missing  number 
one  compression  ring  on  the  lower  piston  will  give  an  increase  in 
cylinder-exhaust  temperature.  It  will  show  up  as  in  increase  in 
temperature  of  the  cylinder  affected  and  other  cylinders  in  the 
same  manifold  grouping.  The  average  temperature  of  this  group  of 
cylinders  will  increase  while  other  groups  show  little  or  no  change 
in  average  temperature. 

3.  Crankcase  Vacuum.  The  crankcase  vacuum  normally  remains 
stable  if  the  engine  is  in  good  mechanical  condition.  A signifi- 
cant change  in  crankcase  vacuum  should  be  cause  for  immediate  con- 
cern and  all  possible  effort  made  to  determine  the  reason  for  the 
change.  A rapid  change  in  crankcase  vacuum  is  usually  caused  by  a 
severe  engine  malfunction,  such  as  a failed  or  cracked  piston, 
failed  turbocharger  bearing  and  seal,  failed  blower  bearing  and 
seal,  or  some  reason  for  improper  operation  of  the  ejector  system. 
Crankcase  explosions  are  nearly  always  caused  by  overheated  power 
parts,  such  as  failed  bearings  or  a severely  burned  piston. 

4.  Engine  Scavenging  Pressures.  The  engine  scavenging  pres- 
sures should  be  plotted  against  operating  hours  to  help  monitor 
engine  condition.  7n  a two-cycle  engine,  pressures  should  be  re- 
corded before  and  after  each  function  that  caused  a change  in 
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scavenging  system  pressures'.  In  the  turbo-blower  series  engine 
configuration,  log  and  plot:,  (a)  pressure  from  the  turbocharger, 
(b)  the  pressure  from  the  blower  in  the  air  manifold  or  pressure 
from  the  cylinders  in  the  exhaust  manifold,  and  (u)  the  pressure 
in  the  exhaust  stack  from  the  turbochargers.  The  changes  in  air 
manifold  pressure  should  be  studied  in  conjunction  with  any  pres- 
sure rise  across  the  turbocharger  and  scavenging  air  blower  as  well 
as  the  pressure  drop  across  the  engine  cylinders  and  turbocharger. 
If  the  scavenging  air  manifold  pressure  increases,  study  the  pres- 
sures to  determine  the  cause  (turbo  blower  series  only).  Some  of 
the  causes  are: 

1)  a load  increase  on  the  engine  (check  racks) ; 

2)  lower  air  temperature  to  the  blower  which  increases 
the  blower  air  mass  capacity  (check  temperature  to 
blower) ; 

3)  colder  ambient  temperature  which  increases  the  pres- 
sure rise  across  the  turbo  compressor  because  of  in- 
creased efficiency  and  blower  air  mass  capacity  due 
to  the  higher  pressure  to  the  blower  unit  (check 
ambient  temperature) ; 

4)  carboned  cylinder  ports  which  increase  the  pressure 
drop  between  the  air  manifold  and  exhaust  manifold 
(check  for  carbon) ; 

5)  blockage  at  the  turbocharger  nozzle  ring  and  turbine 
which  increases  the  exhaust  manifold  pressure  to  the 
turbocharger,  usually  associated  with  a larger 
temperature  drop  of  the  exhaust  gases  across  the 
turbocharger  (check  for  blockage) ; 

6)  increased  turbocharger  speed  which  is  usually  caused 
by  a blockage  as  in  5 above  (This  shows  up  as  an  in- 
crease in  air  temperature  across  the  compressor.); 

7)  extra  exhaust  gas  energy  to  the  turbocharger  in  the 
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• form  of  increased  exhaust  gas  temperatures  which  can 
.be  caused  by  a change  in  cranklead,  late  injection 
. timing,  or  faulty  injection  nozzles; 

8)  blockage  in  the  exhaust  piping  f m the  turbocharger 
(check  for  blockage) . 

5.  Lube  Oil  Consumption.  Lube  oil  consumption  records  provide 
data  on  the  engine  for  comparative  purposes  with  similar  engines 
and  help  estimate  future  lube  oil  requirements.  In  an  O.P.  engine, 
oil  consumption  will  increase  as  the  engine  power -parts  wear  to 
their  condemnable  limits.  Increased  oil  consumption  can  also  be 
caused  by  losses  through  external  leakage,  the  turbocharger,  the 
scavenging  air-blower  seals,  and  filter  or  strainer  cleaning. 

6.  Fuel  Rack  and  Governor  Indication.  Generally,  fuel  pump 
deterioration  is  so  slow  that  any  significant  increase  in  fuel-rack 
reading  should  be  considered  as  a change  in  the  engine  load  or  in 
engine  efficiency.  Other  indicators  will  help  determine  where  the 
change  occurred.  If  the  engine  is  performing  well,  it  is  reason- 
able to  suspect  an  overload  condition. 

7 . Pressure  Differential  Across  Lube  Oil  Strainers  and  Filters. 
If  the  pressure  differential  is  plotted  versus  time,  it  will  normally 
show  a slow,  steady  pressure  drop.  A rapid  increase  indicates  a 
failed  internal  engine  component.  A bearing  or  piston  failure  will 
show  up  in  one  to  three  minutes  by  nearly  plugging  the  strainer 
screen  creating  a subsequent  large  pressure  drop  across  the  strainer. 
The  engine  should  be  stopped  immediately  for  internal  inspection 

of  the  engine.  As  the  lube-oil  strainer  screen  begins  to  clog  from 
normal  crankcase  lube-oil  dirt  particles,  the  rate  of  pressure 
drop  increases  rapidly  over  several  hours,  due  to  plugging  of  the 
smaller  screen  openings  with  large  particles  and  subsequent  finer 
filtration  of  the  lube  oil.  Smaller  particles  that  would  normally 
pass  through  the  strainer  are  suddenly  trapped.  At  each  cleaning 
o£  the  oil  strainer  and  each  filter  change,  the  elements  should  be 
examined  for  metal  particles  which  may  bo  indicative  of  metal 
from  various  engine  internal  components  such  as  a vertical-drive 
bearing  cage  or  gear-teeth. 
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8 . Engine  Water  and  Lube  Oil  Temperature  and  temperature 
Differential.  These  should  remain  within  published  specifications:. 

An  increase  in  differential  temperature  indicates  a decrease  in  flow 
or  an  increase  £n  heatjjload.  A decrease  in  flow  of  the  lube  oil 
can  be  caused,  by  an A open  relief  valye  or  a blockage  in  the  circu- 
lating system.  A decrease  in  water  flow  will  occur  due  .to  an  in- 
crease,.in  the  system,  pressure  drop. 

9 i Exhaust  Appearance.  Exhaust  color  is  a good  indicator  of 
engine  combustion  efficiency.  Black  smoke  can  be  caused  by  a 
sudden  speed- load -increase,  or  overloading,  or  injection  system 
deterioration'.  Noizle  deterioration  will  show  up  as  an  increase  in 
steady- state  black  smoke. 

10.  Ins trumentat ion . Instrumentation  must  be  kept  in  good 
condition,  and  calibrated.  Before  trend  data  is  obtained,  accumu- 
lated, liquids  in. air  and  exhaust  pressure  gauge-lines  must  be  blown 
clean.  Test  and  calibrate  instrumentation  if  any  doubt  exists  as  to 
its  accuracy. 

5.7  ENGINE  IDLING 

Long  periods  of  engine  idle  for  warm-up  or  engine  stand-by 
are  not  desirable  for  any  engine.  Extended  idling  contributes  to 
increased  engine  wear,  degrades  lube  oil  by  fuel  dilution  and,  in 
the  case  of  the  O.P.  engine,  contributes  to  lube  oil  build-up  in 
the  exhaust  manifolds.  This  subsequently  leads  to  manifold  fires 
and  related  safety  problems.  Any  warm-up  time  beyond  five  minutes 
only  results  in  reducing  the  viscosity  of  the  lube  oil  and,  there- 
fore, oil  pressure  at  rated  engine  speed.  The  engine  normal  opera- 
ting temperatures  can  generally  best  be  obtained  with  the  engine 
operating  under  loaded  conditions.  Low  speed  engine  loading  can 
commence  within  five  minutes  after  engine  light-off  time. 

5.8  ENGINE  LOAD  METERING 

* ' * . * 

A meaningful  indication  of  engine  load  will  allow  operating 
the  engine  to  obtain  best. performance.  In  light  of  the  CG's  pre- 
vious experience  and  the  complication  of  a sophisticated  horse- 
power meter,  the  378-foot  WHEC  fleet  should  adopt  a simple  calibrated 
fuel-rack  position  indicator.  This  indicator  would  give  a very 
reliable  indication  of  engine  torque.  These  devices  can  operate 
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directly  off  the, enginegovernor  or  from  a potentiometer  at  the 
fuel- pump  control  rack.  : ' * 
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Lne  diagnostics’  presently  require  highly  techni- 
cal personnel  to  obtain  useful  information.  Such  instrumentation 
must  be  Simplified  into  useful  hardware  for  the  average  engine- 
man.  Good  diagnostics  equipment,  if  and  when  available,  would 
help  in  determining  engine  performance  deterioration.  A competent 
engine-man  with  knowledge  of  the  particular  engine  type  can  sense 
and  anticipate  engine  service  requirements.  However,  a simple  and 
easy  way  to  interpret  a diagnostic  instrument  that  keeps  the  engine- 
man  involved  and  assists  him  in  detecting  engine  malfunctions  would 
be  most  useful. 


5.10  ONE  ENGINE-ONE  SHAFT  OPERATION  AND  PART  LOAD-SPEED  OPERATION 

The  use  of  one  engine  in  place  of  two,  when  possible,  offers 
very  important  economies  of  operation,  safety,  and  improved  engine 
performance.  Two  engines  should  be  run  only  when  needed  for  speed 
and  safety.  Engine  fuel  consumption  and  performance  can  be  im- 
proved at  reduced  engine  speeds  by  keeping  the  engine  torque  near 
the  optimum  fuel  consumption  point.  Fuel  rack  position  versus 
engine  speed  information  can  readily  be  compared  to  the  engine  per 
formance  map  to  obtain  maximum  economy  with  the  variable  pitch 
propeller. 


However,  in  one  engine  operation,  care  must  be  taken  not  to 
over-torque  the  engine.  Proper  adjustment  of  the  torque  limiting 
aspect  of  the  engine  governor  is  required  when  operating  with  one 
engine  or  continuous  overtorqueing  of  the  engine  could  result.  One- 
engine  operation  is  usually  in  the  range  of  460  to  770  engine  rpm. 

On  one  ship  visited,  fuel  injection  pump  rack  readings  were  allowed 
to  go  to  7 and  higher  anywhere  in  this  speed  ran^e.  These  rack 
readings  certainly  indicated  that  the  torque-limiter  portion  of 
the  governor  was  not  working  or  that  the  fuel  linkage  was  improper- 
ly adjusted.  Xf  the  governor  and  linkage  is  per  PM  instruction 
book.  Section  L,  the  fuel  rack  will  be  limited  to  55  percent  torque 
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at  450  rpin*  and;  &ilowed*  to  increase;  >1  percent  each  10  rpm  up  to 
900  rpm.  i-  This  iset-.up  gives  power  and.. torque  curves  per  Curve 
8893CH  on^jpage;:B8.  of  the:  instruction  book.-  Such  a correct  set-up 
will  give; maximum  engine  break-mean-effective  pressures  of  70  at 
450  rpm,>r89 'at  !6O0.<rrpmv  108  at.‘-750;  rmp’ and  127.3  and  900  rpm,  or 
fuel  rack  readings  of- '-5.il,  5.7,  6.3  and  6.9  respectively.  It  is 
important  that  the  governor  linkage  be  set-up  to  assure  proper 
action  q£  the  torque  limiting  feature  built  into  the  governor.  If 
this  is  not  the  case,  the  engine  can  be  severely  overloaded  at  low 
engine  ;rpm.  . The  engine  turbocharger  is  not  matched  to  the  engine 
for  high  ,1 torques,  at  low  speeds.  The  torque  curve  of  the  engine 
allows  adequate,  margin  for  good  acceleration  when  the  propeller  is 
matched  to  the  engine  at  900  rpm,  100  percent  torque.  With  the 
torque  limiter  working  properly,  there  should  be  no  problems  with 
black  smoke  .due  to  overload.  However,  there  may  be  many  cases 
where  the  engine  .will  not  pick-up  speed  when  operating  as  a single 
unit,  plus  it  will  take  longer  to  go  from  450  to  900  rpm  engine 
speed.  This  .ovextorquing  at  low  speed  cannot  be  tolerated  by  a 
turbo- charge^  engine  in  the  manner  which  a naturally-aspirated  unit 
can.  The  naturally  aspirated  unit,  theoretically,  has  the  same  air 
available  per  cycle  at  all  engine  speeds.  Whereas,  in  a turbo- 
charged1 engine,  the  cylinder  air  capacity  will  double  as  the  air 
pressure  approaches  15  psig  due  to  increases  in  air  manifold  pres- 
sure, thus  allowing  the  engine  to  produce  twice  as  much  torque  by 
burning  more  fuel  per  cycle.  It  can  be  shown  that,  even  though  the 
engine  torque  curve  is  as  explained  above,  the  particular  engine, 
with  a full  size  scavenging  air  blower,  should  suffer  no  operation- 
al problems,  including  smoke,  up  to  about  85  psi  bmep  or  67  percent 
torque  at  any  engine  speed.  And,  in  fact,  since  some  charging  is 
obtained  from  the  turbocharger  at  all  speeds,  78.5  percent  torque 
or  100  bmep  may  be  a reasonable  limit.  However,  the  engine  should 
never  be  allowed  to  operate  above  80  percent  torque  below  700  rpm. 
For  an  engine  with  the  series  blower,  a review  of  data  from  the 
USCGC  GALLATIN  engine  test  in  Appendix  D shows  a torque  increase 
throughout  the  speed  range  with  one  shaft  operation.  It  is 
estimated  that  the  full-lead  fuel  rack-setting  would  have  been 
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reached  at  700  to  750  engine  rpm.  If  the  governor  torque  Uniting 
is  set  up  properly  the  fuel  racks  will  reach  rack  6 at  about  725 
engine  rpm.  If  the  governor  torque  limiting  is  inoperative-,  the 
engine  can  be  overtorqued  at  725  rpm.  Also,  every  tine  a speed 
increase  is  called’  for,  the  engine  will  be  overloaded  until  the 
new  speed  setting  stabilizes.  The  overfueling  will  also  produce 
a dark  exhaust  cclor  until  adequate  air  flow  is  developed  by  the 
turbocharger  or  the  fuel  racks  return  to  their  normal  steady* 
state  setting. 

Since  the  turbo-blower  series  engine  requires  less  fuel  for 
full  load,  it  is  advisable  to  reduce  the  setting  of  the  torque 
limiting  governor  to  limit  maximum  fuel  to  no  more  that  rack  7 as 
shown  in  the  instruction  booklet.  With  the  turbo-blower ’ series 
engine,  the  blower  size  is  reduced  by  about  30  percent  in  capa- 
city and  acts  as  the  second  stage  in  the  scavenging  air  supply. 

At  low  speeds  and  loads,  the  air  flow  will  be  approximately  25 
to  30  percent  less  than  with  the  older  style  scavenging  system. 

This  helps  accomplish  the  desired  results  at  lower  engine  loads. 

The  USCGC  GALLATIN  test  results  give  a minimum  pre-turbine 
temperature  of  590°F  at  500  rpm  with  a fuel  rack  reading  of  2.0 
(less  than  25  percent  torque).  At  50  percent  torque,  around 
650  rpm,  the  exhaust  temperatures  were  up  to  750°F. 

When  operating  under  part  load  and  speed  conditions,  the  pro- 
peller law  requires  that  the  engine  power  requirement  decrease 
rapidly  as  engine  speed  is  reduced.  With  the  present  engines,  the 
air  flow  remains  proportional  to  engine  speed  up  to  about  85 
percent  torque.  This  type  operation  leads  to  lube  oil  fouling  of 
the  exhaust  system  at  a low  engine  torque.  Low  engine  torques 
allow  the  exhaust  gas  temperature  to  dTop  below  the  flash  tempera- 
ture of  lube  oil,  and  the  lube  oil  builds  up  in  the  exhaust  system. 
The  Coast  Guard  issued  a letter  in  1969  which  directs  periodic 
increases  in  engine  load  for  a period  of  about  30  minutes  per  each 
twelve  hours  of  operation.  The  letter  recommends  full  pitch  at 
low  engine  speeds  to  accomplish  the  desired  results.  This  state- 
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*cnt  is  correct'  ‘since  'the  engine' air  is  a function  of:  engine'  spe'ed 
at  these  %pee<!sf  ‘“ahd  ioadV-i*  5’  ' ■ 

5,11  BEARING  FAILURES 


Since  prenature  bearing  failures  were  reported  by  some  of  the 
cutters  interviewed,  all  action  possible  should  be, taken  to  minimize 
this  occurrence.  As  some  of  the  failures  were  attributed  to  human 
error,  training  of  personnel  is  most  important.  Again  the  use  of 
the  FM  school  is  encouraged.  Also,  additir*  al  valve  interlocking 
and  warning  lights  could  be  provided  in  the  oil  flow  circuit. 
Further,  gradual  degradation  of  the  aluminum  bearings  should  be 
apparent  in  a well  run  lube  oil  spectrographic  analysis  program. 

5.12  OTHER  PROBLEM  AREAS 


Other  problem  areas  such  as  leakage,  serviceability,  exhaust 
manifold  gaskets  and  seals  are  covered  in  more  detail  in  Appendix 
A. 


At  least  one  cutter  reported  problems  with  injection  pump 
tappet  rollers.  Some  of  these  parts  were  made  of  defective  material. 
This  problem  has  been  resolved  by  improving  the  material  quality 
and  should  correct  itself  as  these  parts  are  replaced.  However, 
this  is  a highly  stressed  component  in  nearly  all  diesel  engines 
and  failure  can  also  bi  caused  by  dirt  or  high  injection  pressures. 
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Colt  Industries  Customer  Order  No.  11-938642 
FM  38TD6-1/8  Perform  nee  and  Saoke  Iaproveaent 
378'  High  Endurance  Cutters  (KTCC's) 
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U.  S.  DEPARTMENT  OF  TRANSPORTATION  CONTRACT  NO.  DGT-TSC-905 

Modification  No.  5 

FM  38TD8-1/8  Performance  and  Smoke  Improvement 
378'  High  Endurance  cutters  (WHEC's) 


Monthly  Progress  Report  - February  & March  1977 


Visited  four  U.S.  Coast  Guard  High  Endurance  Cutters  (3/8  class)  as  part  of 
Contract  OOT-TSC-905,  Modification  number  5. 

USCGC  Dallas  (WHEC  716)  Mr.  Dennis  Purvis 
USCGC  Gallatin  (WHEC  721)  Mr.  Mike  Goodwin 
USCGC  Hamilton  (WHEC  715)  Mr.  Frank  Tintera 
USCGC  Sherman  (WHEC  720)  Mr.  Paul  Hagstrom 

The  USCG  Cutters  Dallas  and  Gallatin  were  visited  with  the  District  Engineering 
Officier,  Lt.  F.L.  Ames,  while  the  cutters  Hamilton  and  Sherman  were  visited 
with  Mr.  Bob  Walter  of  the  Department  of  Transportation. 

The  main  propulsion  engines  in  the  378*  WHEC  are  Fairbanks  Morse  turbocharged 
twelve  cylinder  opposed  piston  Model  38TD8-1/8  units  rated  3627  8HP  at  900  RPM. 
The  engines  are  connected  by  clutch  to  a variable  pitch  propeller  thru  a 6:1 
reduction  gear. 

The  engines  were  manufactured  by  Fairbanks  Morse  between  the  time  frame  of  1964 
and  1970.  The  engines  scavenging  system  is  blower-turbo-intercooled  for  part 
load  operation  and  turbo- Intercooler  for  full  load  operation.  An  air  inlet 
check  valve  arrangement  located  at  the  turbocharger  air  inlet  allows  some  air 
to  flow  directly  from  the  engine  air  supply  to  the  turbocharger  air  inlet  at 
full  load.  The  air  inlet  check  valve  around  the  blower  opens  when  the  exhaust 
energy  to  the  turbocharger  is  sufficient  for  the  turbocharger  air  compressor  to 
demand  more  air  flow  than  the  engine  driven  blower  capacity.  The  engine  blower 
capacity  is  sufficient  for  75  to  90%  rated  torque.  The  air  inlet  check  valve 
is  designed  to  open  in  this  torqu-  range  and  allow  more  air  to  flow  directly  to 
the  tubjcharger  air  inlet. 

These  engines  as  built  by  Fiarbanks  Morse  included  the  following  major  power 
components. 

-12  cylinder  blower  - 34  inches  long. 

-blower  drive  ratio  - 2:013:1 

-turbochargers  - Elliott  H-56,  18  sq.  in.  nozzle  rinq. 

-cylinder  liners  - turbo-diesel. 

-piston  - rotating  design  WHEC  715-723 

- fixed  design  (Mexican  Hat)  WHEC  724-726 
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-Compression  rings  - barrel  faced  -.-16704845 
-oil  rings  - standard  production  (2  per  piston) 

-Injection  cam  - .468  inches  lift 
-injection  pumps  - 5/8  inch.,  V;E.  helix 
-Injection  nozzles  - 15°  pintle  - WHF.C  715-723 
- 10°  pintle  - WHEC  724-726 

-exhaust  gas  screens  - changed  to  production  cone  design 
-water  keep  warm  - 110°  to  140°F. 

Some  of  the  problem  areas  reviewed  during  these  visits  with  personnel  of  the 
Cutters  are  listed  a.id  elaborated  on  below.  Also  included  In  this  text  is 
input  from  the  Main  Diesel  Engine  Questionnaire  Survey  of  all  378'  Cutvers  and 
a review  of  FM  files  on  Service  Repair  work  and  Service  Parts  records  of  the 
subject  engines. 

1.  Cylinder  liner  to  jacket  seal  leakage  at  the  exhaust  port  end. 

Nearly  all  engines  have  had  liner  seal  leaks,  one  engine  has  had  31 
liners  replaced  due  to  seal  leakage.  Several  cutters  now  demand 
liners  be  resealed  with  high  temperature  0-rings. 

2,  Exhaust  manifold  gaskets  leak  liquids  and  exhaust  gases.  Exhaust 
manifold  joints  warp  and  come  loose  along  with  deterioration  of  the 
flexltalllc  gaskets.  The  copper  gasket  installed  at  the  turbocharger 
four  pipe  flange  last  about  one  year.  The  initial  proposal  by  FM 
for  using  a metal  spacer  at  this  joint  was  to  allow  tbs  four  exhaust 
passages  to  be  sealed  by  flexltalllc  gaskets  1S702533  in  conjunction 
with  copper  flange  spacer  16107551.  The  capscrews  for  the  joint  were 
changed  from  grade  2 to  grade  5 and  torqued  50  to  55  ft-lbs.  If  the 
copper  spacer  Is  oxidizing  due  to  temperature  a mild  steel  spacer  per 
drawing  16107551  could  be  used  in  place  of  the  copper  material.  The 
main  function  of  the  spacer  is  the  carry  the  joints  mechanical  load- 
ing and  give  a definite  Installed  compression  to  the  flexitallic 
gaskets. 

The  exhaust  gas  leaks  cannot  be  tolerated  by  the  engine  Jnce  this 
energy  is  then  lost  to  the  turbocharger.  It  is  felt  that  the  major- 
ity of  the  engine  room  smoke  Is  coming  from  vapor  fumes  off  the 
external  hot  surfaces.  If  the  manifold  joints  loosen  they  will  leak 
at  start-up  and  ontinue  to  leak  during  operation.  The  leakage. is 
generally  most  visible  during  start-up  since  the  exhaust  may  have  a 
white  color  following  engine  start-up.  This  exhaust  leakage  must  not 
be  allowed  to  continue  except  under  emergency  conditions,  since  this 
is  a method  of  waste  gating  turbocharger  energy.  The  more  the  leak- 
age the  higher  the  exhaust  temperatures  will  become  at  'oads  above 
75*  torque  and  the  more  difficult  will  be  the  exhaust  manif'ld  seal- 
ing problem.  The  resultant  higher  exhaust  manifold  temperatures  will 
lead  to  further  warpage  of  the  manifold  joints  and  relaxing  of  tbs 
joint  fasteners. 


Failure  of  exhaust  manifold  flexible  connectors  is  generally  assoc- 
iated with  misalignment  or  extremely  high  exhaust  manifold  tempera- 
tures. The  flexible  bellows  connectors  ail  have  an  internal  bellows 
guide  which  limits  the  axial  movement  within  an  acceptable  range. 
Manifold* extension  pipes  must  fit  at  assembly  without  being  forced  to 
bring  on  centerline  or  rotated  to  line  bolt  holes.  The  pipes  are 
assembled  with  a tension  in  the  bellows  to  give  optimum  flexible 
connector  load  at  operating  temperature.  High  exhaust  temperatures 
will  lead  to  prenature  failure  of  the  bellows  due  to  thp  hotter 
environment  and  excessive  thermal  expansion  of  the  exhaust  manifold 
components . 

Exhaust  manifold  associated  fires  are  caused  by  liquid  leakage  from 
the  exhaust  piping  joints  and  engine  leakage  from  areas  above  the 
exhaust  manifold.  Most  fires  occur  at  the  front  of  the  engine  where 
leakage  from  the  front  cover  drips  onto  the  hot  heat  shields  and 
manifold.  It  seems  that  leakage  from  the  front  of  the  engine  war- 
rants further  investigation  by  FM.  If  leakage  cannot  be  eliminated 
in  this  area  it  appears  that  a lew  cost  leakage  collector  system 
could  be  applied  to  the  front  of  the  engine. 

As  mentioned  in  Item  3,  exhaust  manifold  leakage  must  be  kept  to  a 
minimum  for  good  engine  performance.  Engine  operational  procedures 
help  control  the  excessive  oil  in  the  system  at  engine  start-ups  but 
cil  continues  to  accumulate  in  the  exhaust  system  during  engine  warm- 
up and  light  load  operation.  This  oil  then  leaks  thru  the  manifold 
joints  causing  engine  room  smoke  and  a fire  hazard  when  the  engine 
load  is  Increased.  Use  of  the  latest  design  exhaust  manifold  gasket 
groove  dimensions  and  surface  finishes  will  reduce  leakage  from  these 
joints  provided  joint  distortion  docs  not  take  place  due  to  oper- 
ation with  high  exhaust  gas  temperatures.  The  latest  production 
groove  design  allows  the  joints  to  pull  up  metal  to  metal,  the  flex- 
itallic  gasket  compression  is  then  15  to  25%  of  its  thickness. 

Er.cess  joint  loading  is  taken  by  the  metal  to  metal  contact  of  the 
Ganges.  With  the  old  designed  groove  the  gasket  takes  the  entire 
jc  nit  loading  which  eventually  leads  to  gasket  collapse  and  complete 
less  of  gasket  flexibility.  These  gaskets  have  a maximum  safe  oper- 
ating temperature.  The  production  gasket  drawing  specifies  1100bF 
operating  temperature  and  the  type  *M7  stainless  steel  used  in  the 
gasket  manufacture  is  rated  at  ibOO°F  maximum. 

Injection  compartment  fuel  leakage  is  reported  as  a fire  hazard  when 
fuel  sprays  from  the  injection  compartment,  leaks  thru  the  water 
jumper  opening  in  the  cylinder  block  or  if  the  injection  compartment 
lower  deck  becomes  extremely  hot  from  the  high  exhaust  manifold 
temperatures  and  exhaust  manifold  leakage.  Injection  compartment 
kskage  is  generally  from; 

a.  Injection  pump 

b.  Injection  nozzle 

c.  Drain  line  breakage  and  injection  tube 
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Injection  pump  leakage  along  the  fuel  racks  Is  generally  an  Indi- 
cation' of  failure  of  the  lapped  surface  between  the  pump  body  and 
barrel  or  excessive,  plunger  to  barrel  clearance.  Other  possible 
leakage  areas,  would  be  the  fuel  header  to  pump  body  gasket  and 
discharge  valve  cage  gasket.  Generally  It  requires  a new  gasket  to 
repair  leakage  at  these  areas. 

• * * i 

The  Injection  nozzle  leakage. can  occur  at  the  fuel  inlet  fitting 
gasket  or  needle  stop  gasket  and  generally  requires  a new  gasket  to 
repair  leakage  in  these  areas.  Best  results  at  the  needle  stop 
gasket  Is  obtained  by  assembling  with  freshly  annealed  gasket.  After 
dipping  all  internal  parts  In  clean  fuel  oil  snug  assemble  by  hand, 
then  torque  In  one  sweeping  motion  to  45  to  50  ft-lbs.  After  this 
Initial  torquing,  If  the  sleeve  Is  disturbed  it  will  generally 
result  in  gasket  failure.  Also,  if  either  of  these  copper  gaskets 
leak  during  engine  operation,  leakage  will  general ly  worsen  if  you 
try  to  tighten  it. 

Injection  tube  leakage  is  either  due  to  insufficient  tightness  of 
the  fittings  or  at  the  nozzle  end  a crack  in  the  ferrule  sleeve  and 
requires  replacing  the  sleeve  or  Installing  a new  Injection  tube  to 
repair-  same.  Two  wrenches  should  be  used,  one  at  the  nozzle  fitting 
and  one  on  the  tube  nut,  when  tightening  the  fuel  line  or  the  fuel 
Inlet  fitting  gasket  may  be  damaged. 

Leakage  due  to  failed  fuel  drain  lines  is  usually  caused; by  over- 
tightening  the  drain  line  fittings.  At  least  one  vessel  reported 
stripping  the  threads  on  the  brass  banjo  fitting  for  the  drain  line. 
The  fitting  should  only  require  good  snugging  for  proper  seal. 

Another  possible  area  oi  fuel  leakage  is  the  thread  on  the  nozzle 
opening  pressure  adjustment  screw.  This  can  be  eliminated  by  using, 
a thread  sealant  between  the  adjustment  screw  and  spring  sleeve  when 
servicing  the  nozzle  assembly. 

At  least  one  of  the  cutters  has  converted  to  the  latest  production 
gasketless  nozzle  assembly.  Service  kit  P/N  16609071  Includes  noz- 
zles, collars.  Injection  tubing  and  drain  lines  for  one  cylinder, 
figure  1.  This  assembly  has  no  gaskets  exposed  to  high  pressure 
fuel  no  external  pressure  adjustment  screw  and  virtually  eliminates 
high  pressure  fuel  leakage. 

The  latest  production  engine  incorporates  a water  cooled  barrier 
below  the  injection  compartment  deck.  This  barrier  is  integral  with 
the  water  passages  from  the  exhaust  belts  into  the  cylinder  liner. 
This  design  also  seals  the  cylinder  block  opening  where  the  water 
jumper  passes  thru  the  injection  compartment  deck.  Laboratory  test 
recorded  up  tc  a maximum  of  200°F  lower  injection  compartment  deck 
temperatures  with  the  water  cooled  heat  shielding.  Catalog  number 
2115,  figure  2.  This  feature  Is  available  for  field  retrofit  and 
offers  reduction  in  fire  hazards. 
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...  • . « vtM Mf  sductlM  between,  ipt  turbocharger  ^and  1al1jft  ,cooi1er,s.  Thl s joint 
. . Jws.beeh  redei toned  for’ production  sndines.  inrf  1«vd-2plcted  In  figure 
■ vJ^'.^P^rtlnuwbers' of  new.  par^^required  are  shown,  this  new  design  Is 
"befj>fl\.us^sucm$fu11y^t1h^engines  operating  wtth  air;box  pressures 
up  to  25  PSIG,  and  can  be  easily  field  retrofitted. 

- 7 . ; 01 1 tealcage nto  the  cylinders  Is.  reported  occurring  on  some  engines 
during  ;S'hut  ^pwn. and  Idle. operation.  . It. is  suggested  that  oil  is 
still  leaking  past  the  upper  pistons  due  to  failure  to  bar  the  engine 
over,  pne4 half  hour  after  shut  down,  or  excessive  oil  1s;  entering  this 
cylinder  during  the  Initial  thirty  minutes  after  shut  down.  Other 
areas  where  oil  can  enter  the  engine  during  shut  down  and  slow  Idle 
Include  liner  to  cylinder  block  seals  due  to  deterioration  or  damage 
during  Installation  and  the  injection  pump  tappet  housing  to  upper 
>.  . crankcase,  fit,  just  below  the -camshaft.  Earlier  engines  relied  on  a 

metal, to  metal  fit  to  seal  lube  oil  Into  the  crankcase  and  air  Into 
the  air  receiver  at  the  point  where  the  tappet  housing  passes  thru 
the  crankcase.  - 

. t ■ , 

A production  change  was  made  In  May  of  1968  to  include  an  o-rlng  seal 
at  this  interface.  In  fact  the  WHEC  724-726  may  have  these  particu- 
lar seals.  Oil  leakage  at  this  point  would  show  up  as  an  oil  washing 
of> the  tappet  housing  Inside  the  engine  air  receiver.  This  seal  can 
be  added  to  earlier  engines  by  machining  the  groove  in  the  tappet 
housing  and  breaking  the  sharp  edge  of  the  cylinder  block  to  allow 
assembly  without  shearing  the  o-rlng.  The  seal  application  Is  de- 
picted on  figure  4 and  the  groove  details  are  shown  on  figure  5. 

It  was  noted  that  at  least  one  of  the  engines  visited  had  only  two  .. 
oil  rings  assembled  to  the  upper  pistons.  To  slow  the  accumulation  of 
oil  In  the  exhaust  system  during  Idle  warm-up  and  light  load  oper- 
ation it  is  recommended  that  the  third  oil  ring  groove  be  fitted  with 
a 16101191  oil  drain  ring. 

8.  Lube  oil  leakage  at  the  exhaust  belts  to  cylinder  block  fit  Is  be- 
coming a problem  again.  The  accepted  solution  for  earlier  engines 
was  to  add  two  drilled  hold  down  capscrews  with  oil  shields  to  allow 
this  leakage  to  be  pulled  back  Into  the  engine  crankcase  before  U 
reached  a depth  where  It  would  overflow  Its  built  In  dam.  It  shows  up 
as  oil  coming  from  off  the  block  deck  below  the  exhaust  manifold  and 
running  down  between  the  lower  crankcase  doors  and  accumulating  on 
the  block  mounting  rails.  Figures  6,  7,  and  8 show  the  hardware  and 
modification.  Laboratory  experience  with  this  modification  shows 
that  eventually  these  capscrews  become  clogged  with  dirt  and  must  be 
removed  to  clean  the  oil  drain  hole  and  the  dirt  accumulated  In  the 
cylinder  block  deck  capscrew  hole. 

The  leakage  is  due  to  a humping  tendency  of  the  exhaust  belt  with 
temperature  causing  a gap  to  develop  between  the  block  and  the  ex- 
haust belt  on  the  centerline  of  the  engine.  This  gap  is  then  Im- 
pinged v/ith  high  velocity  lube  being  thrown  from  the  crankshaft 
bearings.  The  result  Is  sufficient  oil  pressure  to  cause  oil  to  leak 
outward  across  the  horizontal  gap. 
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;.  Production  engines. have,  an  o-rlng,  Installed  at  this  joint.  Again 
^|ig  uhcc  724,.7?6  this'lifely  had  ttiis  ring  1 PiSmi 'cu  during 
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, engine  inanufacturihgl  This*  o-rlng  jean.  be  added  to  earlier  engines 
1 p ^s^^IPShfnii^:*'tbfi^6l^Hrno *'giiMrire'  In  the  lower  face  of  the  exhaust 


' belt.  The  o-rlhg  is  thesame  as  used  oh  the  lower  liner  to  belt 
-iotl^whlch is sullied  ^Ith  all  new  cylinder  liner  kits. 


The  exhaust  belt  to  cylinder  block  o-rlng  groove  dimensions  are  .102 
'r.  . s . to  .110  inches  groove  depthwlth  9.51  I.D.  and  9.86  O.D.  This  seal 
application's  depicted ^oh  figure  9*  catalog  4018.8. 

* S ' * * ' j'1  . 

This  would  be  the  proper  time  to  also  modify  the  exhaust  belt  to 
minifold  gasket  groove  to  the  depth  of  the  present  production  en- 
gines. Groove/depth  .100  to  .105  Inches  with  4.32  I.D.  and  4.78 
O.D. 


The  liner  to  exhaust  belt  seal  furnished  with  new  liner  kits  should 
be  used  In  all  turbocharged  engines.  The  only  precaution  needed  Is 
to  make  certain  the  leading  edge  of  the  exhaust  belt  fit  Is  adequate- 
1y  broken  to  prevent  shearing  of  the  o-rlng  at  assembly.  Later 
exhaust  belts  Incorporate  a 30  degree  lead  In  at  this  fit.  This 
chamfer  could  be  added  when  making  above  modifications  to  the  ex- 
haust belts. 

3.  Leakage  at  the  front  of  the  engine  Is  from  various  capscrews,  covers 
.and  areas  where  shafts  pass  thru  the  cylinder  block  and  front  cover. 
One  consistent  leak  Is  the  seal  at  the  end  of  the  fuel  control  shaft. 
A new  seal  (P/N  16106089)  will  fix  this  leak.  To  prevent  further 
deterioration  of  this  seal  a metal  heat  shield  should  be  attached  to 
the  cover  capscrews  to  prevent  direct  manifold  heat  radiation  to  the 
fuel  control  shaft  and  seal.  Host  of  the  front  end  oil  leaks  can  be 
repaired  with  sealant  and  careful  application  of  covers. 

10.  Hater  leaks  besides  the  liner  seals  mentioned  earlier  include  adapter 
copper  gaskets,  adapter  o-rlngs  and  exhaust  belt  triangular  gaskets. 

Generally  adapter  copper  gaskets  leaks  will  be  eliminated  if  the  In- 
struction book  Is  followed.  It  Is  important  that  the  threads  and 
gasket  surfaces  are  properly  cleaned  and  free  of  nicks  and  pits. 

The  copper  gasket  must  be  annealed,  properly  centered  on  the  adapter 
and  held  In  place  with  grease,  beveled  side  towards  the  adapter. 
Invert  the  adapter  to  be  sure  the  gasket  stays  in  place.  Use  adap- 
ter installation  tools  and  snug  with  a hand  wrench.  Again  as  with 
the  injection  nozzle  try  to  torque  the  adapter  with  one  sweeping 
motion.  The  copper  actually  flows  and  work  hardens  during  the 
torquelng  action. 

Premature  failure  of  the  adapter  o-rings  generally  indicate  ex- 
cessive cooling  water  temperatures*  In  certain  engine  applications 
there  has  been  some  deterioration  problems  with  the  Inner  o-rings 
used  on  the  Indlcater  valve  adapter.  A high  temperature  o-r1r.g  is 
available  for  this  seal  at  a cost  premium  of  cbout  10QX.  The  ring  is 
made  of  viton  material,  P/H  16704654  and  replaces  o-rlng  16701279. 
Ylton  for  the  other  adapters  o-rlng  would  be  P/N  16704650  replacing 
P/N  16701278  and  P/N  16704651  replacing  P/N  16701280. 
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Since,  these  engines  have  been  built  the  cylinder  liner  adapter 
material;  has  been  changed  from  cold  rolled  steel  to .a  stainless,, 
S^if^Thls1 'W  Has 

t&tteV wnbfactiiring  jcdhtroF  on  the-toppef  gasket  ifest*  Machining. 
;The  stainless* st^e‘l  *>artsla>e^  automatical  iy?furni ‘By'(the  ser- 
v1cerdeDartmentrwhen>heWfadaDters'arei  ordered. ' 1 <• 


•rit 


vlcerdepartmehtfi^hen'hewfadapters-are’order^d. 

•J*  >.ha*  J>  •M.-'iC  ?«F3  rib'/-  .*•.  t\ 

. The  tr.iingularigasket  used; to:  seal  the  water  jmpers  gn  ^the  exhaust 
I’  belts  has  caused  many-leaks  in  the  past?  A new  gasket  design  re- 
leased In  1974  has  .eHMlhated  . this,  prdblem;  The  new  gasket  Is 
directly  Interchangeable  with  the  older  part  and  carried  the  same 
> -,partf  number;  16102122. . Figures  10>and  1 1nshow  the  ;new  gasket  and 
fnstruct}ons»for  proper^appl  l.catlon^of ; this  gasket.*  • 

* ; ( k j*  * -*-fi  * \f:  4 _ \ i + * * * , . ^ 

. - The;  ci^ine  vffont  coyervand  exhaust  pi  ping  design  Is,  a very,  common 
■v  engl ije  .seryj cing  complaint . Jhec  front  cover  cannot  be  . removed  from 
the 'engine  without  removing  the  turbocharger  exhaust,  gas.  outlet 
piping.  The  only  other  possible  way  to  remove  this  cover  Is  with 
.,,the  upper  .crankshaft. . It.  Is  also  .difficult  to  remove  the  upper 


' crankshaft  "wl'^y^  $kirtg‘ the ‘front  cover  with  it,  In  either 

Mem-  4 km  Iwnn*'  <*amaw  thi  ninAv  4-n 

««rw » * v*»v  vvtui  nmov  l/C, 

remove 'the  upper  crankshaft. 


"Because  of  the/deslgn  It  Is  difficult  to  chanjp  the  engine  overspeed 
setting,  replace  or  tighten  the  timing  chain,  balance  the  timing 
"between  sides  of  the  engine,  of  clear,  the  crankcase  breather  screens. 
‘ It  sterns  that  with  the  design  of  the  turbo  blower  series  air  piping 
minor  'design  changes  could  relocate  the  exhaust  piping  to  give 
adequate  work  clearance. 


12.  At  least  one  ship  wanted  to  know  why  these  engines  had  12  cylinder 
air  start  valves  instead  of  6 used  on  stationary  applications. 

The  engine  was  reported  to  start  much  easier  with  only.  6 valves 
plus  require  less  starting  air.  One  ship  has  converted  to  six 
air  start  valves  and. some  are  adding  extra  air  compressor  cap- 
acity.. The  twelve  valves  are  used  on  all  Narine  engines  as  a 
standard  production  item  by  Fairbanks  Norse.  The  extra  valves 
assure  that  even  with  one  valve  mul functioning  there  would  be  no 
position  at  which  the  engine  could  stop  where  the  air  would  not 
bar  it  over  for  starting.  This  extra  starting  reliability  is  quite 
important  for  marine  engines.  The  six  valves  are  adequate  to  start 
the  engine  provided  the  Coast  Guard.  Cutters  can  tolerate  a possible 
situation  where  the  engine  may  not  bar  over  on  command.  Since  these 
engines  are  not  reversible  it  may  seem  to  be  desirable  to  block  off 
six  of  these  valves.  Every  other  valve  in  the  firing  sequence  of 
the  engine  would  be  made  inoperative  by  blocking  the  air  start 
distributor  openings  and  disconnecting  the  air  start  valve  pilot 
line,  cyllndef  liner  dunmy  plugs  are  available  from  FN.  However, 
loss  of  starting  reliability  under  all  maneuvering  conditions  would 
result  and  only  the  Coast  Guard  can  evaluate  the  risks  versus  the 
return. 
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Loss. of  crankcase  vacuum  Is  generally  an  Indication  of  a mal 
function  In- the  engine.  The  malfunction  should  be  located  and 
cofrected.Other  than  a cracked  piston  the  loss  of  vacuum  will 
generally  be  associated  with  engine  scavenging  air  pressure  leaking 
Into  the  engine  crankcase.  These  leaks  can  occur  at  the  turbo- 
charger and  blower  seals  or  between  the  air  receiver  and  upper 
crankcase  deck.  The  other  possible  source  would  be  down  thru  the 
exhaust  belt  alcng  the  cylinder  liner  fit. 

The  leaks  at  the  air  receiver  or  exhaust  belt  would  be  due  to  liner 
to  block  seal  deterioration  or  damage  at  assembly.  Again  some  of 
the  earlier  engines  did  not  have  a seal  between  the  Injection  pump 
tappet  housing  and  the  cylinder  block  or  the  cylinders  liner  and  the 
exhaust  belt.  These  parts  can  be  modified  to  allow  application  of 
the  production  seals. 

kith  the  advent  of  higher  air  supercharging  pressures  In  the  O.P. 
engine  It  became  necessary  to  rework  the  crankcase  ejector  system  to 
assure  adequate  crankcase  ejector  capacity.  The  change  Includes 
removing  all  restrictions  from  the  In  flow  passages  to  the  ejector 
and  reoptimizing  the  ejector  nozzle  configuration.  The  larger  flew 
passages  Included  opening  the  1-1/4  inch  cored  hole  In  the  ejector 
body  to  1-3/4  inches  and  using  gaskets  with  holes  of  at  least  1-1/2 
Inch  diameter.  The  new  ejector  nozzle  has  a smaller  hole  and  extends 
further  Into  the  ejector  body.  Figures  12  and  13  show  the  ejector 
body  modification  and  the  new  nozzle.  These  parts  are  automatically 
furnished  by  the  service  department  if  new  parts  art  ordered.  Part 
numbers  remain  the  same. 

The  new  ejector  does  not  eliminate  the  need  for  preventive  main- 
tenance towards  keeping  the  crankcase  leakage  at  normal  levels  for 
a given  engine.  Anytime  there  Is  a reduction  in  crankcase  vacuum  an 
investigation  to  locate  the  cause  must  be  made  and  corrective 
action  taken. 

The  Coast  Guard  lowered  the  oil  sump  levels  per  FH  reconmendatlon. 
This  change  reduced  the  oil  consumption  to  about  one  half  of  that 
experienced  prior  to  the  change.  The  change  was  made  by  marking  the 
level  stick  as  a funtion  of  normal  ship  rake  and  a certain  level  of 
oil  at  the  center  of  the  oil  pan. 

There  was  some  concern  as  to  whether  the.  lower  lube  oil  level  could 
in  any  way  be  related  to  the  bearing  failures  due  to  loss  of  oil  to 
the  pump  suction  at  engine  start-up  or  In  rough  sea  operation.  It 
does  not  seem  that  this  would  bn  the  case,  however,  a recording  of 
the  engine  lube  oil  pump  discharge  pressure  along  with  engine  rpm 
during  typical  rough  sea  operation  may  be  desireable. 

Bearing  failures  on  the  Hamilton  and  Sherman  were  due  to  running  the 
engine  with  a ruptured  strainer  on  the  Hamilton  and  with  no  lube  oil 
on  the  Sherman. 
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15.  A common  complaint  was  that  the  engines  would  not  r./«$  up  to  speed 
cr  If  they  «id,  only  with  excessively  high  exhaust  temperatures. 
Temperatures  In  the  1100  to  1200°F  were  mentioned  as  extremes  and 

-:1  >.  * 1050f£>'&s^comoni'  - *v-* -** 

~r,l  ■ < ov  . ,:<  * 4 * . «,  ■ 

^ ; ^ ;■ :TSiese&high» exhaust  temperatures  are- due  to  either  engine  overload  or 
. ■.-engine  performance. deterioration.  • The-overload  will- always  be  in- 
dicated by  the fuel  rack  position  which  should -follow  the  curve  of 
Figure  14  'for  an ’engine  in  good  operating  condition.  Since  these 

• arerturbochargedfenglnes.  and  the-  turbochargers  are  matched  for  the 

• maximum  power  and  speed  point  (3627  HP  # 900  RPH)  full. load  rack 

. .reading  should; only  occur  at  .900  RPM;  If-  the.  propeller  pitch  has 
.been  Increased  at  low  engine  speeds,  to  keep  the  exhaust  temperatures 
. abpveu600?F- -the  pitch  must  be  decreased  to  normal  setting  before 
running  higher  engine  speeds.  As- stated  earlier*  generally -the 
engine  blower  will  put  out  sufficient  air  for  75  to  90%  torque  at 
any  engine  speed.  The  highest  exhaust  temperatures  will  occur  at 
the  speed  and  load  where  the  air  inlet  check  valve  Is  just  ready  to 
open. 

Engine  performance  deterioration  can  include  many  items,  such  as, 
engine  settings,  fuel  injection  pumps,  injection  nozzles,  turbo- 
chargers, air  coolers,  air  leaks,  exhaust  leaks,  pistons,  piston 
rings  as  well  as  characteristics  of  the  fuel  used  in  the  engine . 

To  provide  greater  reliability,  cooler  operation,  longer  life  and 
reduced  fire  hazard  the  turbo  blower  series  scavenging  system  may  be 
desirable.  This  scavenging  system  Increases  the  amount  of  excess 
air  available  to  the  engine  at  the  higher  loads.  Asides  making 
the  deterioration  margin  larger  the  rate  of  deterioration  is  reduced 
because  of  the  cooler  normal  operating  temperatures.  The  exhaust 
system  remains  tight  much  longer,  and  the  power  parts  generally  have 
a lower  rate  of  normal  wear. 

16.  These  engines  have  pistons  of  both  the  rotating  type  and  Mexican 
Hat  type.  Vessel  WHEC  715  thru  723  were  built  with  rotating  pistons 
while  WHEC  724  thru  726  were  furnished  with  the  Mexican  Hat  fixed 
type  pistons.  It  seems  that  most  of  the  cutters  are  changing  frein 
the  rotating  piston  to  the  Mexican  hat  piston.  The  change  is  being 
made  piecemeal  (one  cylinder  at  a time)  and  by  sets. 

The  latest  production  piston  is  of  fixed  version  having  a combustion 
chamber  configuration  similar  to  the  rotating  pistons.  The  upper  and 
lower  piston  and  insert  are  identical.  The  latest  production  piston 
has  proven  to  be  much  more  durable  than  either  of  the  earlier  pistons. 

. The  newer  piston  has  excellent  internal  oil  cooling  surfaces,  giving 
low  ring  temperature  and  longer  ring  life. 

It  is  recommended  that  all  new  pistons  be  of  the  new  style  when 
changing  pistons  either  by  cylinder  or  set  change  out.  Figure  15,  cat- 
alog no.  5.6,  shows  the  parts  needed  to  install  the  latest  style 
production  pistons. 


A-l  1 


- / 


Th tjnea  piston  requires  that  the  Injection  nozzle  assemblies  have  15 
degrees  holders.  This  Is  the  angle  of  the  spray  tip  relative  to 
the  centerllne  of  the- holder.  The  latent  engines  In  the  fleet  were 
built; with* nozzles  having  10  degree  holders.  The  original  nozzle 
assembly  Internal  parts  were  the  sane  for  the  10  and  15  nozzles.  The 
10  degree  holder  Is  P/K  16201441  while  the  15  degree  holder  Is  P/N 
16200605J  Since  saw  of  the  cutters  ere  changing  to  the  gasketless 
nozzle  the  fleet  should  have  available  extra  15  degree  nozzle  hold- 
ers as  well  as  asseeibly  components.  The  10  degree  holders  should 
not  be  used  with  the  new  style  fixed  piston  assemblies.  These  new 
style  .pistons  are  the  correct  parts  for  engine  conversion  to  the 
turbo  blower  series  scavenging  systems. 
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FUEL  INJECTION 
NOZZLE  ASSEMBLY 

FOR  FAIRBANKS  MORSE 
OPPOSED  PISTON  ENGINES 


fuel  pressure 
operation! 


■ i . 


*#  . 


'A i •'  y f.;  \*  • < 

r i \ • 


• • ' r 


. ■ . -t « y.  ■ 





# Nozzle  assemblies  available  for 
diesel,  turbo  diesel,  dual  fuel  and 
turbo  dual  fuel. 

• Elimination  of  3 gaskets  as  high 
pressure  seals. 


• Replaceable  on  most  engines 
in  the  field. 


Factory  warranty  on  every 
replacement  pari. 


Precision  manufactured  parts  insure 
engine  operating  economy. 


• Designed  and  built  by  skilled 
experts  who  built  your  engine 
originally. 


* r «A-1 3 

Z S -A.  . 


Fsirtiafiis  Horse 


File  3ii55 


' . f . . 

re-:-; 


BriOJT,  WiSCONStK  535 ll 


Continuing  engine  developments  keep  your 
Fairbanks  Morse  Opposed  Piston  Errgihe 
operating  efficiently  and  economically,  , 
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operation! 
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OLD  DESIGN 


The  new  gasketiess  nozzle  uses  high  pres- 
sure metal  to  metal  sealing  surfaces  with 
matching  faces,  precision  ground  and 
lapped.  This  method  offers  the  ultimate  in 
a leak  proof  seal  and  withstands  extremely 
high  pressure  when  properly  torqued. 


Three  copper-gask^te-  which  were  used  for 
ifrigo- -pressure  seais,  have  been  eliminated 
in  this  new  design.  This  practically  elimi- 
nates any  possibility  of  leakage  of  fuel. 
This  new  nozzle  unit  is  completely  replace- 
able on  most  engines  in  the  field  and  offers 
fewer  parts,  direct  tuei  flow,  less  mainte- 
nance and  increased  tip  life  can  be  ex- 
pected. When  replacing  nozzle  tip  in  the 
field  no  special  tools  are  required. 


Metal 

to 

meta! 
sealing , 
surfaces, 
withstand 
high 

pressure! 


Your  periodic  nozzle  maintenance  schedule 
can  also  be  lengthened  because  these 
highly  machined  surfaces  offer  fewer  main- 
tenance problems  in  sealing  high  preisure 
fuel  than  copper  gaskets.  By  replacing  ^our 
present  nozzles  you  are  assured  of  a forger 
period  of  consistent  fuel  delivery  to  all 
cylinders.  You  get  improved  enaine  opera- 
tion through  correct  fuel  quaniity  to  eath 
cylinder  on  every  pumping  stroke. 


NEW 

GASKETLESS 

NOZZLE 


High  pressure 


(to  cy'Ttdsr) 


Low  pressure 
fuel 

(to  tank) 


High  pressure 
fuel 

(to  cylinder) 


FULL  WARRANTY 


Printed  in  O.S-A. 


0*i*  and  Specifications  Subject  to  Cheng*  Without  Notice. 


A full  factory  warranty  on  every 
revticemaw  psrt  • for  your 
protection 
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FIGURE  2 
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-GASKET  APPLICATION 


'V  : 
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Exhaust  Belt  Water  By-Pass  Fitting 


Do  not  use  the  gasket  with  a 90°  angle  cross  section,  use  only  the  latest  gasket 
with  flat  cross  section’.  The  new  and  old  gaskets  carry  the  sane  part  number, 
namely  16102122, 

Apply  the  new  gasket  as  follows: 

1.  Clean  all  gasket  surfaces  free  of  dirt,  scale  and  oil. 

2.  Coat  gasket  area  of  the  exhaust  belt  with  "Goodyear"  Pllobond  20  Industrial 
adhesive  or  equivalent.  Apply  light  coat  with  brush, 

3.  Firmly  apply  gasket  to  adhesive  before  It  dries. 

4.  Clean  all  threads.  Chase  threads  on  belt  studs  with  a 5/8-11  die  nut. 

* 

5.  Apply  new  *0M~r1ng  to  gland  nut. 

6.  Lubricate  the  "0"-ring  seat  by  applying  a light  coating  of  grease  to  the  hole 
In  the  water  by-pass  fitting. 

7.  lubricate  the  stud  to  nut  threads  and  nut  bearing  area  with  molycote  or 
equivalent. 

8.  Torque  nuts  with  heat  shields  under  the  nut  Need,  30  to  35  ft.-lbs. 
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Upper  Mate*  - CSapTete * . 

PISTOM,  Upper 

Plitee  Ixiert  A tseafcly  - (p«.  j,  if  £ 17', 
IBSHIXC,  Pitta#  Imirt 

flK,JwMH  iKk 

RETMXE8,  on ■ 

SMSNC.  on  Retainer , . . 

»ix,  Plate* , . . . 

IVSNINS,  Mitin  Mu . . . 

MRS,  Cewpi-esslo* 

RIMS,  Oil  Scraper 

RIRS,  on  Oral*  

RIMS,  811  Scraper  Expan6er . 

SOLT,  Hex  

LOCRPLATE  . 1 


* Re.  U**4  ear  Pitta* 
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OIL  RINGS  C0H8, 


Lower 

16  300  217 
16  101  191 


Upper 


16  300  217/16  101  192 
16  101  191 
16  101  191 


UPPER  PISTOH 

or  Lower 


FIGURE  15 


IS  SOS  301  - 

IS  401.  $02  * 

IS  sos:  12$  * 

U 300  35S 

15  101  181 
lb  101  18$ 

16  101  190 
16  200  274 
16  701  767 

15  704  S4S 

16  300  217 
16  101  191 
16  101  192 
16  704  740  * 
0014012.02.10* 


♦Upper  & lower  piston  assy,  the 
same  except  for  oil  ring  combi- 
nation. Parts  needed  for  up-date 
to  fixed  piston  of  latest  style. 


ALWAYS  GIVE  ENGINE  SERIAL  NUMBER 


U,$.  Department  of  Transportation  Contract  No.  D0T-TSC-9G5 

Modification  No.  5 

FM  38TD8-1/8  Performance  and  Smoke  Improvement 
378'  High  Endurance  Cutters  (HHEC's) 

Monthly  Progress  Report  - January  7,  1977 


The  shop  test  logs  from  fourteen  of  the  subject  enjines  were  reviewed  and  the 
average  performance  data  of  each  engine  was  tabulated  on  shop  test  logs.  All 
data  Is  at  900  rpm  and  was  tabulated  for  each  25X  Increment  of  rating.  Including 
HOT  load.  The  10OT  load  log  sheet  Includes  engine  settings,  such  as  turbocharger 
nozzle  ring  area,  cranklead  and  Injection  tiding. 

The  average  data  of  these  engines  is  plotted  versus  brake  mean  effective  pressure 
and  attached  as  Curve  No.  56,  sheets  1 and  2.  The  break  noted  in  the  data  lines 
of  the  exhaust  temperatures  and  scavenging  air  pressures  Is  typical  of  the  38TD8-1/8 
hiiving  the  scavenging  air  blower  working  ahead  of  the  turbocharger  compressor.  If 
you  examine  the  scavenging  air  temperature  to  the  turbocharger  inlet,  you  will  note 
the  decrease  in  temperature  with  increased  bmep.  This  temperature  is  a function 
of  the  ambient  air  temperature  and  the  work  of  the  scavenging  air  blower.  The  air 
temperature  from  the  compressor  has  a break  in  Its  curve  at  the  point  where  the 
scavenging  air  check  valve  opens.  This  valve  opens  when  the  displacement  of  the 
scavenging  air  blower  is  less  than  the  engine  requires,  dictated  by  the  energy  to 
the  turbocharger  and  the  overall  efficiency  of  the  turbocharger.  Above  this  point 
the  engine  scavenges  without  the  aid  of  the  scavenging  air  blower. 

Engine  serial  no.  38D867070  was  run  through  the  speed  range  of  300  to  900  rpm  at 
each  100  rpm  increment  during  the  shop  test.  These  data  are  plotted  as  Curve  No. 

57,  sheets  1 through  3.  The  data  Is  plotted  versus  rpm  and  as  constant  torque 
lines. 

Air  manifold  pressure  in  inches  ov  mercury  as  a function  of  load  and  speed  are 
shown  on  Curve  No.  11205CH= 

The  average  preturbo  exhaust  temperature  in  degrees  Fahrenheit  as  a function  of 
engine  load  and  speed  Is  shown  on  Curve  No.  11207CH. 

The  engine  brake  specific  fuel  consumption  obtained  during  shop  test  as  a function 
of  total  engine  horsepower  and  speed  is  shown  on  Curve  No.  11204CH. 

The  engine  fuel  rack  position  as  a function  of  engine  total  horsepower  output  at 
various  engine  speeds  Is  shown  on  Figure  1 dated  January  6,  1977.  Lines  of  con- 
stant torque  and  fuel  consumption  are  also  plotted  on  Figure  1. 
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U.  S.  DEPARTMENT  OF  TRANSPORTATION  CONTRACT  NO.  DOT-TSC-905 

Modification.  No’.  5 

FM  3STD8-1/8  Performance  and  Smoke  Improvement 
378'  High  Endurance  Cutters  (WHEC's) 


Monthly  Progress  Report  - April  1977 


Tests  were  run  using  a 6 cylinder  laboratory  engine  to  determine  expected  perform- 
ance and  engine  operating  parameters  with  the  latest  production  engine  scavenging 
air  system  ar,d  power  components.  Variable  speed  torque  loading  was  per  the  initial 
contract  specifications  shown  on  FM  curve  11188  CH.  Power  output  was  one-half  that 
shown,  since  tests  were  run  with  a 6 cylinder  engine. 

These  data  were  obtained  with  70°F  air  to  the  turbocharger  compressor  inlet  and 
120  to  125°F  air  to  the  engine  driven  scavenging  air  blower.  The  turbocharger  was 
a unit  built  by  Alco  instead  of  Elliott  Co.,  except  with  the  19  square  inch  nozzle 
ring.  The  data  on  curve  no.  62  with  an  Alco  and  Elliott  turbocharger  shows  the 
difference  between  the  turbochargers  is  insignificant. 

The  engine  had  the  latest  production  turbocharged  pistons.  The  scavenging  air 
blower  capacity  was  1.23  times  the  engine  displacement  volume.  The  12  cylinder 
engine  with  a 34  inch  long  blower  and  1.51:1  gear  ratio,  as  used  for  field  conver- 
sion to  the  new  scavenging  air  system,  gives  a ratio  of  1.26  times  the  engine 
displacement  volume.  This  blower  capacity  is  about  3.6%  more  than  used  on  produc- 
tion 12  cylinder  engines  with  the  27  inch  long  blower  and  1.835:1  blower  drive  gear 
ratio. 

The  fuel  injection  pumps  for  these  tests  were  turbocharged  dual  fuel  type.  The 
pumping  characteristic  of  this  pump  is  the  same  as  the  diesel  fueled  engine  injec- 
tion pump,  except  for  the  rack  reading.  The  adjusted  rack  reading  for  a diesel 
pump  is  shown  as  a dashed  line  on  the  attached  curves. 

Curve  no.  60  shows  the  above  described  engine  performance  with  a 17  and  18  square 
inch  nozzle  ring  with  engine  loading  per  curve  11188  CH.  Engine  performance  is 
very  good  with  the  18  square  inch  nozzle  ring,  giving  a .368  to  .378  brake  specific 
fuel  consumption  throughout  the  speed  range  of  450  to  900  rpm  with  a maximum  pre- 
turbine exhaust  temperature  of  920°F.  The  F/A  ratio  is  very  good  and  remains  in 
the  range  of  .024  to  .026  pounds  of  fuel  per  pound  of  air  throughout  the  operating 
range. 

Curve  no.  61  shows  the  engine  performance  at  maximum  rated  speed  operating  between 
75%  aid  110%  rated  torque.  The  engine  performance  is  considered  very  good  with 
the  Id  square  inch  nozzle  ring  and  gives  firing  pressures  of  about  1210  psig  at 
rated  speed  and  torque  with  an  injection  timing  of  high  cam  36-3/4  degrees  after 
inner  dead  center  of  the  lower  piston. 
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Curve  no,  62  shows  the  engine  performance  using  a 19  square  inch  nozzle  ring  in 
two  different  turbochargers.  These  data  show  little  change  from  the  18  square 
inch  nozzle  ring  and  are  considered  accaptable.  The  fuel  consumption  is  slightly 
better  with  a small  increase  in  smoke  and  exhaust  temperatures,  "he  brake  specific 
air  consumption  remains  above  13.9  lbs/bhp-hr.  and  is  considered  good. 

The  smoke  readings  obtained  during  these  laboratory  tests  are  higher  than  what 
would  be  expected.  Partly  because  a 12  cylinder  engine  generally  has  a little 
less  smoke  and  secondly  because  the  injection  nozzles  were  in  a deteriorated  con- 
dition when  these  data  were  obtained.  Later,  engine  operation  with  new  injection 
nozzle  tlos  gave  about  a 30%  reduction  In  Bosch  smoke  units. 

For  378'  Coast  Guard  Cutter  engine  conversions  to  turbo  blower  se  ^s  scavenging 
air  system,  the  best  all  around  engine  performance  should  be  obia  J with  a 19 
square  Inch  nozzle  ring.  This  takes  into  consideration  that  the  engines  are  gener- 
ally not  run  at  900  rpm  can  have  air  inlet  temperatures  well  below  70°F.  The 
19  square  Inch  nozzle  ring  will  give  adequate  air  at  reduced  engine  speeds  and  with 
turbo  air  inlet  temperatures  up  to  90° F. 
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PTFORHAHCS  CURVE  * VAAIAKE  10*0 

DIESEL  COllFlOMATICn  ■ 

tlttiKE  «est  6 ■ MW*  16  302  239/,p  302  233 

SERIAi.  NO.  ..09193  . 'I3™1  1C  <0!  902 

MRE/S7R0KE  U-l/C  X 10  W 1*1*  *•  255*  *’  • 

COMPRESSION  RATIO  11:1  Wn7‘  £C  :M3* 

TU»»KHW*aa  Alco  720  . FUEL  0*1  Production 

MlZlt  SIMC  AREA  17  J^.ln./jg  S(J.^|W£C7iCH  P.C.  6.25*  BSOCLC 
DiPPJSCJt  HEIGHT  .690  Inch  CRANXLEF.D  18*1.1. 

fUJt  NOZZLE  Gesktt'itss  H.  ENG.  VOL.  RATIO  1.23:1 


17  io.  In.  nozzle  ring 
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FUEL  *2  Shoo 
AM* I EXT  TEMP.  1-3-72‘F 
. UROMETER  29.42 

AIR  MANIFOLD  TEMP.  130-159*F 
ENGINE  SPEEDV»r.  rjm 
LOG  MO.  2W6  l 2610 
CATC  ROM  2-U-77  » 2-28-77 

DIESEL  X DUAL  FUEL 

ie  zq.  In.  nozzle  ring  ... 
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8ENEFITS  OF  TURBO-BLOWER  SERIES  ARRANGEMENT 

1*  Increase  Horsepower  10%  with  improved  piston  life 
and  ring  wear. 

2.  Exhaust  smoke  and  exhaust  temperature  are  reduced. 

3.  On  diesel  operation  the  Turbo-Blower  Series  Arrange-  j 

inent  system  provides  20%  more  air  at  all  loads.  j 

j 

4.  Cylinder  Liner  temperature  is  lowered  due  to  excess  j 

l 

i 

air.  j 

i 

i 

5.  The  air  inlet  check  valve  above  turbocharger  and  j 

associated  piping  has  been  removed  thereby  simpli-  j 

fying  maintenance.  i 

i 

These  benefits  are  available  for  existing  engines  when  j 

j 

the  conversion  kits  described  in  this  brochure  are  j 

i 

applied.  | 

; 

I 
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BLOWER  COOLER 


1962-1972 


A - BLOWER  • TURBO  - INTERCOOLER  - 
FOR  PART  LOAD 

B-  TURBO- INTERCOOLER -FOR 
FULL  LOAD 


AIR 

INLET 


COOLER 


1972 

TURBO  - INTERCOOLER  - BLOWER 


Figure  1 . 
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DESCRIPTION  Of  THE 

TURB0-B1.0WER  SERIES  SCAVENGING  SYSTEM 


The  turbo-blower  series  arrangement  is  an  improved  scav- 
enging system  just  developed.  See  Fig.  1.  The  turbo 
blower  system  draws  air  into  the  turbo-compressor  where 
it  is  compressed  and  discharged  through  a cooler  to  the 
engine  driven  roots  type  blower.  This  second  stage 
blower,  operating  at  a low  pressure  ratio,  discharges 
the  air  directly  into  the  engine  air  box.  From  here  it 
flows  through  the  cylinder  intake  ports.  After  the  com- 
bustion cycle  it  passes  out  the  exhaust  ports  through 
the  exhaust  driven  turbine  and  finally  out  the  stack. 


The  turbo-blower  series  arrangement  substantially  im- 
proves performance  of  Model  38TD8-1/8  (Turbocharged 
Diesel)  and  the  Model  33TDD8-»/8  (Turbocharged  Dual  Fuel) 
engines.  Power  is  increased  by  10%.  Exhaust  smoke,  ex- 
haust temperature  and  wear  are  all  reduced.  On  diesel 
the  turbo-blower  series  arrangement  system  provides  20% 
more  air  for  all  operating  conditions  and  lowers  the 
engine  exhaust  temperature,  piston  temperature,  and  liner 
temperature.  This  provides  longer  engine  life  and  de- 
creased wear.  The  mechanical  driven  air  blower  also 
provides  excellent  response  to  sudden  load  changes. 
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THE  NEW  DESIGN  OFFERS 
SIMPLER  PIPING  AND  LESS  MAINTENANCE 


upper 

CRANK- 
SHAFT, f=< 


AIR  COOLER 


52  Y I TURMC 
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/ CUTLET 
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figure  2. 
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SCAVENSRM  SYSTEM  COMPRESSOR 


ENSMC 

DRIVEN 

•LOWER 


IMtHSTt 

SCWENSMS  SYSTEM 


In  the  original  design  the  larger  engine  driven  roots 
type  blower  was  used  as  a first  staqe  compressor.  Air 
was  discharged  from  It  into  the  turbo-compressor.  This 
roots  blower  was  needed  for  starting  and  for  part  load 
operation.  At  full  load  this  blower  was  by-passed  by 
an  automatic  valve  to  save  fuel.  The  original  design 
was  basically  a blower-turbo  series  for  start  and  ?. 
single  stage  turbo-system  for  full  load.  Because  of 
this  parallel  system  with  extra  piping  and  valving  in- 
volved, the  manifold  was  quite  bulky  and  complicated. 
The  turbo  blower  system  requires  less  piping  and  has 
simplified  controls.  ' 
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A NEW  SCAVENGING  SYSTEM 


Tl.e  new  turbo-blower  series  arrangement  substantially 
improves  performance  of  the  Fairbanks  Morse  8-1/8"  bore 
opposed  piston  engine.  Power  is  now  increased  by  10% 
with  the  poten tial  of  another  10%  next  year.  Specific 
fuel  consumption,  exhaust  smoke*,  exhaust  temperature  and 
wear  are  all  reduced.  This  is  accomplished  through  a 
significantly  improved  air  scavenging  system. 

Figure  1,  compares  the  improved  scavenging  system  to  the 
original  system.  The  new  system  draws  air  into  the  turbo- 
compressor where  it  is  compressed  and  discharged  through 
a cooler  to  the  engine  driven  roots  type  blower.  This 
second  stage  blower,  operating  at  a low  pressure  ratio, 
discharges  the  air  directly  into  the  engine  air  box.  From 
here  it  flows  through  the  cylinder  intake  ports.  After 
the  combustion  cycle  it  passes  out  the  exhaust  ports 
through  the  exhaust  driven  turbine  and  finally  out  the 
stack . 


In  the  original  design  a larger  engine  driven  blower  was 
required  as  the  first  stage.  The  compressed  air  was  then 
discharged  into  the  turbo-compressor.  This  blower  was 
needed  for  starting  and  for  part  load  operation.  At  full 
load  this  blower  was  by-passed  by  an  automatic  valve  to 
save  fuel . 
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• 1962-1972 


A - BLOWER'  TURBO  - INTERCOOLER  - 
FOR  PART  LOAD 
B- TUR80 - INTERCOOLER - FOR 
FULL  LOAD 


AIR 

INLET 

• COOLER 


BLOWER 


1972 

TURBO  - INTERCOOLER  - BLOWER 
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DEVELOPMENT  PAYS  OFF 

Figure  3,  shows  that  the  familiar  OP  engine  silhouette 
remains  nearly  intact.  Clearly  the  switch  to  the  im- 
proved scavenging  system  has  appreciably  simplified  the 
front  end  piping  without  repositioning  any  of  the  major 
engine  components.  The  number  of  parts  for  the  air 
scavenging  system  has  been  reduced  502,  which  will  im- 
prove serviceability  and  reliability.  Prior  to  release 
for  production,  the  new  system  was  thoroughly  evaluated 
from  a durability  and  performance  standpoint.  Three 
test  engines,  two  sixes  and  a twelve,  were  used  for  this 
program,  and  many  thousands  of  hours  were  accumulated. 
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ENGINE  DRIVEN  BLOWER  'SINGLE  AIR  DUCT 

/ TWO  SINGLE  PASS  AIR  COOLERS  \ 
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NEW  TURBO-BLOWER  SERIES  ENGINE 


ENGINE  DRIVEN  BLOWER  AIR  DUCTS 

' TWO  SINGLE  PASS  AIR  COOLERS  /\ 
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ORIGINAL  MODEL 


ft 


SMOKE  REDUCTION 


The  Improved  8-1/8  0-P  will  be  offered  in  both  the 
diesel  and  the  dual  fuel  version.  The  performance  is 
improved  by  the  additional  scavenging  air.  The  exhaust 
temperature  is  reduced  and  the  cylinder  firing  pressure 
has  been  kept  under  1350  psi  at  the  140  bmep  rating. 

The  fuel  economy  is  improved  as  shown  in  Figure  6. 

Probably  the  most  important  improvement  is  the  signifi- 
cant reduction  of  smoke  and  emission  level.  This  is 
important  due  to  increasing  awareness  and  concern  of  the 
general  public  for  reducing  environmental  pollution. 

Dual  fuel  and  diesel  engines,  properly  applied,  are  the 
least  polluting  and  least  obnc-.ious  power  source. 


The  smoke  for  the  gas  operation  is  not  visible  and  for 

% 

the  diesel  version,  it  is  barely  visible  and  certainly 
less  tnan  10%  opacity.  This  is  well  below  the  limit  of 
many  state  and  federal  regulations. 


' * ' 


Because  of  the  very  clean  and  lean  combustion  ihe  exhaust 
emission  leve’  is  reduced  by  30%  over  previous  designs. 
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APPENDIX  D 


RESULTS  OF  TESTS  ON  CUTTER  GALLATIN  AFTER 
TURBO-BLOWER  SERIES  CONVERSION 


EXHAUST  TO  TURB0-T5 


GALLATIN  - WHEC  721 
PERFORMANCE  CURVE  - VARIABLE  LOAD 
Two  Main  Diesel  Engines  - Balanced 

ENGISE  G»  »!  HUE  ' L.  • »2  HOE  LINER  16  302  239  FUEL  >2 

SERIAL  NO,  3DC868007/3S0868005  PISTON  IS  400  333/16  400  334  ' AMBIENT  TEMP.  60'F 

80RE/STK0KE  3-1/8  X 10  AO  141*  ‘AC  255*  BAROMETER  30.28 

COMPRESSION  RATIO  11:1  EO  117°  EC  243*  AIR  MANIFOLD  TEHP.  I30-140°F 

TURBOCHARGER  Elliot  H-56  FUEL  CAM  Production  ENGINE  SPEED'  Var  rp« 

NOZZLE  RING  AREA  21  sq.  Inches  INJECTION  P.C.  2 • 8I0CLC  LOG  NO.  - 

OIFFUSER  HEIGHT  .740  inch  GAS  VALVE  CAM  Hone  DATE  RON  5-23-77 

FUEL  NOZZLE  16  705  664  GAS  VALVE  OPEN  None  DIESEL  CONFIGURATION 


AIR  TO  COHP.  T.  *F  AIR  MANIFOLD  PRESS.  P3  psia  FIRING  PRESS.  P4  psi 

AIR  FROM  COMP.  T,  *F  BLOWER  SUCTION 


AIR  TO  CGKP.  T,  *F  AIR  MANIFOLD  PRESS.  P 3 psU  FIRING  PRESS.  P4  psl 

AIR  raw  COW.  T,  *F  BLOWER  SUCTION 


APPENDIX  E 


PISTON , LINER,  AND  INJECTOR  VARIABILITY 


E-l 


U.S.C.G.C.  378'  WHEC 
MAIN  DIESEL  ENGINE  PISTONS 


The  Coast  Guard  is  changing  from  the  rotating  piston  design  to  fixed  pistons  on 
the  subject  cutters.  Fairbanks  Morse  recommends  that  the  latest  production  fixed 
piston  be  used.  (P/N  16401902  Piston,  16608129  Piston  Insert,  16704740  Capscrews 
and  0014012.02.10  Lockplates)  All  other  piston  assembly  components  are  the  same 
for  all  turbocharged  engine  pistons.  A complete  list  of  parts  for  the  piston 
assemblies  is  shown  on  parts  list  Catalog  No.  5.6. 

This  new  piston  is  used  in  new  turbo  blower  series  scavenged  engines  and  is  the 
piston  recommended  by  Fairbanks  Morse  for  turbo  blower  series  conversion  kits. 

The  following  precautions  should  be  adhered  to  when  installing  the  subject  piston 
assembly: 

1.  Always  install  as  a cylinder  set  to  maintain  the  correct  compression  ratio. 

2.  Only  install  in  a new  cylinder  liner  or  a liner  that  has  operated  with  the 
rotating  style  piston.  Cylinder  liner  wear  at  inner  travel  of  the  piston 
ring  with  the  Mexican  Hat  fixed  piston  will  lead  to  ring  breakage  if  the 
new  piston  is  installed  in  such  a used  liner. 

3.  The  injection  no2zles  should  have  the  15  degree  angle  holder.  The  15 
degree  old  style  nozzle  holder  would  be  P/N  16200805,  all  other  parts  are 
the  same  as  the  10  degree  old  style  nozzle. 

Gasketless  15  Degree  Nozzle  - 

Nozzle  Kit,  Consisting  of  4 Items;  16609071 
1 - Injection  Nozzle  Assembly  16705667 

1 - Injection  Tube  Assembly  16204287 

1 - Nut  - Injection  Tube  92004341 

1 - Sleeve  - Injection  Tube  92004353 

1 - Collar  - Nozzle  Hold  Down  16108370 

The  10  degree  gasketless  nozzle  can  be  converted  to  15  degree  with  the 
following  parts: 


Injection  Nozzle  Holder 
Injection  Tube  Assembly 
Nut  - Injection  Tube 
Sleeve  - Injection  Tube 
Injection  Nozzle  Tip 


03730100 

16204287 

92004341 

92004353 

16102147 


The  15  degree  injection  nozzles  will  work  nearly  equally  well  with  any 
of  the  piston  combinations  available  for  the  turbocharged  8-1/8  engine. 


PIECE 

NO. 


NAME  Of  PART 


16  606  300 
16  608  301 


j 

ti 


P380QTD8-1/8 
Catalog  No.  5.6  - Page  1 


part  • "umber 

NUMBER  * USED 


1 lower  Pin  - Complete 16  608  300 

1 PISTON,  Lower 16  401  902 

3 Piston  Insert  - Assembly  (Pc.  3,  16  6 17} 16  608  129 

16  BUSHING,  Piston  Insert 16  300  358 

17  PIN,  Bushing  Lock 16  101  188 

4 RETAINER,  Oil 16  101  189 

i 5 SPRING,  Oil  Retainer 16  101  190 

6 PIN,  Piston 16  200  274 

7 BUSHING,  Piston  Pin 16  701  767 

8 RING,  Compression 16  704  845 

9 RING,  Oil  Scraper 16  300  217 

10  RING,  Oil  Drain 16  101  191 

13  BOLT,  Hex 16  704  740 

14  LOCKPLATE '.....  0014012.02.10 


1 * I 

1 i 

1 i 

2 I 
2 

1 i 

1 
1 
1 

3 
1 
1 

4 
4 


* No.  Used  per  Piston 
.See  Page  2 for  Upper  Piston 

NOTE:  No  Oil  Drain  Ring  used  in  Piston  Skirt  End  Groove. 


LOWER  PISTON 
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ALWAYS  GIVE  ENGINE  Still AL  NUMHKK 
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P3800T08-1/8 

Catalog  No.  5.6  • Page  2 


Re£m/  TtoU  liit 
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PIECE  • PART  _ NUMBER 

NO.  NAMf.  OF  PART  NUMBER  USED 


2  Upper  Piston  - Complete  

2 PISTON,  Upper  

3 Piston  Insert  Assembly  - (Pc.  3,  16  t 17) 

16  BUSHING,  Piston  Insert  

17  PIN,  Bushing  Lock  

4 RETAINER,  Oil  

5 SPRING,  Oil  Retainer  

6 PIN,  Piston  

7 BUSHING,  Piston  Pin  

8 RING,  Compression  ...  

9 RING,  Oil  Scraper  

11  RING,  Oil  Drain  

12  RING,  Oil  Scraper  Expander  

13  BOLT,  Hex  

14  LOCKPLATE  


16 

608 

301 

16 

401 

902 

16 

608 

129 

16 

300 

358 

16 

101 

188 

16 

101 

189 

16 

101 

190 

16 

200 

274 

16 

701 

767 

16 

704 

845 

16 

300 

217 

16 

101 

191 

16 

101 

192 

16 

704 

740 

0014012.02.10 

5 

!'• 


* No.  Used  per  Piston 


1 

1 

1 

2 

2 

1 

1 

1 

1 

3 
1 
2 
1 

4 
4 


IP 


i . 

' 1 

I j 

i i 
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UPPER  PISTON 


ALWAYS  GIVE  ENGINE  SERIAL  NUMBER 
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U.S.C.G.C.  (378')  HAIN  ENGINE  PISTONS 


The  engine  build  pistons  were  of  rotating  type  for  the  378'  cutters,  except  for 
the  cutters  Munro,  Jarvis  and  Midgett  which  were  built  with  the  Mexican  Hat  style 
fixed  pistons. 

A.  Rotating  Piston 

The  rotating  piston  does  not  have  a heat  dam  above  the  compression  ring  belt 
and  uses  a 3/8  inch  thick  crown  with  a rotating  bearing  between  the  connecting 
rod  Insert  and  the  piston.  The  Insert  and  piston  are  retained  to  one  another 
by  plates  bolted  to  the  insert  which  run  in  a radial  piston  groove.  A 1/32 
inch  clearance  in  the  groove  above  the  lock  plates  allows  for  rotating  bearing 
wear  and  piston  length  change  relative  to  expansion  of  the  insert  and  piston 
crown  support  struts.  If  these  dimensions  get  out  of  tolerance  due  to  wear 
or  temperature  expansion,  the  lock  plates  start  carrying  the  firing  loads.  This 
result  causes  rapid  fretting  wear  of  the  rotating  bearing  and  possible  complete 
destruction  of  the  piston. 

The  rotating  piston  has  a high  ring  belt.  The  top  ring  is  13/16  inch  from  the 
crown  edge.  It  allows  for  minimum  mechanical  loading  of  the  cylinder  liner  by 
exposing  a minimum  area  of  the  liner  to  firing  pressures.  Because  of  its  con- 
struction it  also  runs  quite  hot  and  causes  the  liner  to  run  hotter  than 
necessary,  which  can  lead  to  thermal  loading  in  the  liner. 

The  ring  life  is  marginal  with  the  rotating  piston  at  900  rpm  engine  ratings  and 
yet  quiet  acceptable  at  the  720  rpm  rating. 


B.  Mexican  Hat  Fixed  Pistons 

The  Mexican  Hat  piston  was  released  for  the  turbocharged  diesel  engine  in  par- 
ticular because  of  marine  engine  problems  with  the  rotating  piston.  This 
piston  was  only  used  in  diesel  engines.  It  greatly  improved  ring  wear  with  some 
Increase  in  engine  smoke.  It  also  eliminated  the  rotating  piston  bearing. 

This  piston  has  a heat  dam  above  the  top  compression  ring  and  a crown  thickness 
of  5/16  inch.  It  runs  cooler  both  on  the  piston  crown  and  at  the  top  ring  than 
the  rotating  piston. 

The  top  ring  is  located  1-1/2  inches  from  the  crown  edge  and  since  this  piston 
has  a larger  cup  volume,  it  has  0.1  Inch  less  minimum  clearance.  This  allows 
1.275  inches  more  liner  bore  length  to  be  exposed  to  combustion  gases  than  with 
the  rotating  piston  combination. 

The  upper  and  lower  pistons  are  not  Interchangeable  for  either  the  rotating  com- 
bination or  the  Mexican  Hat  combination. 


The  Mexican  Hat  piston  results  in  extra  blow  back  into  the  air  receiver  because 
of  the  low  ring  belt  and  requires  more  frequent  cleaning  of  the  air  ports  and 
air  box  to  prevent  possible  air  box  fires. 

C.  Fixed  Piston  - Turbo  Blower  Series 

The  new  piston  was  released  for  production  along  with  the  turbo  blower  series 
scavenging  system,  diesel  and  dual  fuel  version,  with  a 10%  rating  increase 
from  127.3  bmep  to  140  psi,  bmep.  This  piston  along  with  the  scavenging  system 
gave  lower  ring  wear  at  the  higher  rating  than  obtained  with  the  earlier  engine. 
The  top  ring  is  located  at  1-3/16  inches  from  the  crown  top  edge  and  incorporates 
a heat  dam  design.  The  crown  is  5/16  inch  thick  and  has  under  crown  oil  cooled 
support  fins.  This  piston  is  being  successfully  laboratory  endurance  tested  at 
a continuous  rating  of  148.5  psi,  bmep  and  350  hp/cylinder  at  900  rpm. 

The  piston  rings  and  crown  run  very  cool,  particularly  with  the  turbo  blower 
series  scavenging  air  system.  These  pistons  have  a crown  shape  similar  to  the 
rotating  piston  and  were  designed  to  use  the  same  piston  for  either  upper  or 
lower  position. 

The  upper  and  lower  piston  assembly  components  are  the  same  including  the  piston, 
insert,  capscrews  and  lock  plates. 
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Piston  P/N 
Insert  P/N 
Capscrew  P/N 
Lock  Plates  P/N 


16401902 

16608129 

16704740  4/Piston 
0014012.02.10  4/Piston 


The  only  precaution  one  must  adhere  to  when  using  these  new  pistons  in  the  injec- 
tion nozzles  must  have  15  degree  angle  holders.  That  is,  either  16200805  holders 
for  the  old  style  nozzle  of  16705667  for  the  gasketless  nozzle  assemblies.  To 
my  knowledge  all  the  cutters,  except  the  three  mentioned  earlier,  have  the  15 
degree  holders.  All  engines  out  of  Governors  Island  have  been  or  are  being 
converted  to  gasketless  nozzles. 

Fairbanks  Morse  strongly  recommends  that  all  further  pistons  purchased  for  turbo 
engines  on  the  378s  be  the  new  style  and  engines  with  a few  Mexican  Hat  pistons 
have  them  removed  and  given  to  ships  with  all  Mexican  Hat  pistons. 


Enclosures  on  the  New  Style  Piston  Relative  to  the  Older  Style  Pistons 

1.  Sales  pitch  on  the  Improved  Piston  Cooling  and  Ring  Hear.  This  data  was 
developed  by  marketing  people  in  conjunction  with  management  for  sales 
purposes  of  the  newly  rated  engine. 

2.  Piston  16401902  (new  style)  temperatures  are  shown  on  curves  developed 
10/27/73  at  720  and  900  rpm  (E-2).  Noto  the  low  temperatures  at  the  #1 
piston  ring  area;  less  than  300°F  at  loads  up  to  170  psi,  bmep.  The  720 
rpm  temperatures  generally  run  higher  than  the  900  rpm  ratings  due  to  the 
reduced  flow  of  cooling  oil  to  the  piston.  The  air-fuel  ratio  is  nearly 
constant  while  the  temperature  versus  time  exposure  of  the  piston  combustion 
surface  is  nearly  identical  for  both  speeds.  The  center  of  the  piston  temp- 
erature is  well  below  the  acceptable  limit  of  800°F. 
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5. 


These  temperatures  are  with  turbo  blower  series  scavenging  system. 

The  enclosures  E-3  and  €-5  show  the. temperatures  of  the  rotating  and  Mexican 
Hat  pistons  with  trie  older  style  scavenging  system.  One  can  readily  see 
the  Improvement  of  the  Mexican  Hat  piston  relative  to  the  rotating  piston 
in  the  ring  belt  area.  The  Mexican  Hat  piston  temperatures  are  about  300°F 
at  a P0'1^  the  top  ring,  while  the  rotating  piston  temperatures  were 

7wW!SnOoS2randrf50t.F  bei?w  the  ring  and  ve*y  hot  directly  above  the  ring, 
ifjL J®  m.  F'  Jhe  hea*  f!ow  through  the  top  ring  to  the  cylinder  liner  is 
considered  to  be  a good  share  of  the  piston  ring  cooling  with  the  rotatinq 
design.  Note  the  relationship  of  the  top  ring  to  the  top  of  the  crowns 
for  these  two  piston  designs. 

The  enclosure  E-4  shows  the  new  piston  and  cylinder  liner  temperatures  at 
important  locations  while  operating  at  900  rpm  with  turbo  blower  series  air 
system.  These  low  temperatures  give  very  good  operating  results  for  cast 
iron  rings  against  chrome. 

Enclosure  £-5  shows  piston  and  liner  temperatures  of  the  rotating  piston  and 
diesel  liner  at  720  rpm  with  the  new  turbo  blower  series  scavenging  air 
system.  Note,  while  these  temperatures  are  much  lower  than  obtained  with 
the  old  scavenging  air  system  (piston  £-3,  January  1967),  they  are  still 
very  high  compared  to  the  new  piston  with  turbo  blower  series  scavenging 

* The  liner  temperatures  at  the  exhaust  ports  are  between  300  and  400°F 
while  the  piston  environment  at  the  top  ring  is  between  400  and  600°F.  The 
ring  definitely  depends  on  the  line**  wall  for  cooling  to  an  acceptable  oper- 
ating temperature.  Y 

The  high  liner  temperature  will  lead  directly  to  liner  seal  failure  with  the 
slightest  malfunction  as  broken  top  piston  ring  or  momentary  loss  of  jacket 
water  circulation. 


E-7 


IMPROVED  PISTON  COOLING  AND  RING  WEAR 


A new  and  cooler  piston  design  has  been  developed  as  shown 
in  Figure  4. 

This  piston,  equally  suitable  for  both  diesel  and  dual  fuel  engines, 
has  signi ficantly  lowered  the  crown  and  top  ring  groove  tempera- 
tures* This  improved  cooling  contributes  to  longer  piston  and 
piston  ring  life.  This  improvement  is  the  result  of  a modifica- 
tion of  the  unaarcrown  cocktail  shaker  design  above  the  top  ring, 
and  a new  piston  crown  with  proven  combustion  characteristics. 

This  new  piston  is  suitable  for  both  upper  and  lower  cylinders, 
and  replaces  four  older  designs  in  the  system. 


Enclosure  E-l. 
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RINGS  AND  LINERS 


The  wear  of  the  piston  ring  and  liner  has  .been  reduced  by  a factor 
of  2 to  3 times,  as  a result  of  thousands  of  hours  of  laboratory 
testing  to  select  the  best  combination.  The  combination  selected 
for  production  is  shown  in  Figure  5.  The  life  of  the  cast  iron 
piston  is  further  improved  due  to  the  better  cooling,  explained 
earlier.  The  top  compression  ring  is  crowned,  high  strength  cast 
iron  and  ferrox  filled.  Excellent  oil  control  is  obtained  with  an 
oil  ring  combination  consisting  of  a conformable  two  piece  scraper 
seal  ring  in  the  inner  groove  and  a single  edge  ventilated  scraper 
in  the  second  groove.  A steel  expander  is  used  with  the  seal  ring 
on  the  upper  pistons  only. 

A the  new  rating,  the  lower  piston  top  ring  wear,  which  is  the  most 
servere  one  due  to  «.he  exhaust  porting,  will  be  less  than  .004" 
per  1000  hours.  This  provides  a ring  life  of  over  10,000  hours 
for  normal  operation. 

The  cast  i 'on  liner,  with  the  proven  strong  back  design,  has  a 
new  chrome  finish  to  improve  the  liner  wear.  It  is  a chrome  fin- 
ish with  a mechanically  produced  oil  retaining  surface  pattern 
supplied  by  the  Chromium  Corporation  of  America.  The  laboratory 
testing  indicates  that  the  liner  life  shoula  be  increased  by  a 
factor  of  2 over  the  old  design,  and  that  replating  should  not  be 
required  before  20,000  hours  for  normal  operation. 


Enclosure  E-l . 
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PISTON  TEMPERATURES 
8-1/8  x 10  TURBOCHARGED  (E-6) 
BLOWER  SERIES  SYSTEM 
DIESEL  @ 720  RPM 


TURBO: 

NOZZLE  RING: 
TIMING: 


BLOWER 

PISTON 

LINER: 


H-56  , 

16  iri 
14.5  BMV 
1.23:1  Vol . 

15  401  902 

16  401  992 


150  170 


Flgurr.  No. 

By:  £.  Kase’l  " 

. Date:  10/27/73 


PISTON  TEMPERATURES 
8-1/8  x 10  TURBOCHARGED  (E-6) 
BLOWER  SERIES  SYSTEM  .* 
DIESEL  O 900  RPM' 


350  h 


VO  30 


Enclosure  e-2 
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TURBO: 

NOZZLE  RING: 
TIMING: 
BLOWER:  ' 
PISTON: 
LINER: 


Id  inf 
12.5  BMY 
1.23:1  Vol. 
16  401  902 
16  401  992 


no.-  130  150 


4 Figure  Ho.  ^ 

By:  E.  Kasel 
Date::  )0/2?/?3 


Lqvje-r  P\3Tod  (6  40053 


EXPANSION  THRUST 


PISTON  TEMPERATURES 
8-1 /ft  x 10  THUROCMARGCD 
SERIES  - BLOWER  SYSTEM 
OIESEL  ® S(JO  rpn 


DIESEL  LINER  16  401  99 2 PISTON  16  401  902 


EXPANSION  THP.l'ST 
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COMDTNOTE  9410 


COMMANDANT  NOTICE  9410 

Subj:  Karine  Diesel  Engine  Maintenance  Program 

'V 

Ref:  {a)  Naval  Engineering  Manual  (CG-413) 

1.  purpose.  The  purpose  of  this  Notice  is  to  amend  the  present  Diesel 


Engine  Maintenance  Policy  set  forth  in  reference  (a)  in  order  to  increase 


diesel  engine  reliability  and  to  provide  for  more  orderly  planning,  pro- 


curement action,  and  execution  of  diesel  engine  center  section  overhauls. 


2*  Discussion.  A discussion  of  the  past  maintenance  systems  and  reasons 


for  moving  to  the  "overhaul  as  required"  policy  are  contained  in  reference 


(a).  This  “as  required"  policy  has  worked  to  some  extent,  but  in  numerous 


instances,  has  not  provided  the  desired  reliability  from  our  large  propul- 


sion engines.  The  need  for  unexpected  overhauls  has  also  created  schedul- 


ing and  logistic  planning  problems  which  have  resulted  in  unavailability 


of  needed  parts  and  "hurry-up"  repairs  when  parts  are  finally  received. 


Recent  experience  has  also  revealed  that  trend  monitoring  and  lube  oil 


analysis  have  not,  in  fll  cases,  indicated  when  center  section  components 


have  failed.  These  failures  have  been  discovered  both  during  inspections 


and,  in  some  cases,  during  engine  failure  that  resulted  in  aborting 
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operational  missions. 


This  new  policy  Is  an  attempt  to  Improve  this  situation  by  requiring  a 


center  section  overhaul  at  an  hourly  interval.  This  should  result  in  s 


more  realistic  basis  for  planning  maintenance  time,  a more  orderly  ac- 


quistion  of  parts,  and  a better  quality  of  overhaul. 


The  trend  monitoring  and  lube  oil  analysis  programs  are  to  be  continued. 


since  these  are  tools  which,  if  properly  used,  provide  the  operating 


engineer  Information  concerning  the  health  of  his  engines.  Additionally, 


there  are  current  Research  and  Development  efforts  to  develop  a simple, 
state-cf-the-art  package  for  diesel  engine  diagnostics  which  would  be 


Independent  of  ambient  conditions.  If  these  efforts  are  successful , the 


center  section  overhaul  policy  will  be  re-evaluated.  A secondary 


benefit  of  requiring  a regular  center  section  overhaul  is  the  “hands 


on*  experienced  gained  by  the  Machinery  Technicians. 


3.  Scope.  The  policy  stated  herein  applies  to  all  cutters  having  engines 


listed  in  enclosure  (1). 


4.  Action. 


a.  District  Commanders  and  Commanding  Officers  of  cutters  having 

F-3 


t 


the  machinery  listed  In  enclosure  (?)  shall  implement  the  provisions  of 

* 

0 

this  directive. 

b.  The  Lube  Oil  Analysis  program  and  the  Trend  Monitoring  and  Analysis 
programs  required  by  reference  (a)  shall  be  continued.  If  repair  or 

overhaul  is  Indicated  by  either  of  these  progress  prior  to  the  time  between  u 

overhaul  Indicated  in  enclosure  (1),  appropriate  maintenance  action  shall  be 

taken. 

c.  Engine  components t such  as  attached  pumps,  torsional  vibration 

dampers,  blowers,  turbochargers , and  like  parts  shall  continue  to  be  in- 
spected and  overhauled  as  required  by  existing  Technical  Publications  or 
manufacturer's  recommendations.  The  iiaportance  of  accomplishing  these  ' 

inspections/overhauls  cannot  be  emphasized  enough.  They  are  critical! 

d.  When  the  hourly  interval  stated  in  enclosure  (1)  has  elapsed, 
the  engine  shall  be  opened  up,  disassembled,  and  all  center  section  com- 
ponents shall  be  inspected  for  distress  and  wear.  Except  for  compulsory 
renewal  items,  which  will  be  listed  in  forthcoming  Technical  Publication 
Amendments,  center  section  components  shall  be  renewed  only  if  the  mea- 
sured wear  exceeds  one-half  the  allowable  wear.  Allowable  wear  is  de- 
fined as  the  new  condition  dimension  minus  the  condemning  limit  dimension 


sgfjysB-*r  ~ 


as  stated  in  the  appropriate  Technical  Publication. 


e.  A record  of  measurements  taken  and  components  renewed  shall  be 


maintained  as  part  of  the  Machinery  History. 


f.  The  Commandant  will  capitalize  and  have  SICP  provide  the  stock 


support  indicated  in  enclosure  (2).  This  support  is  to  provide  for 


emergent  needs  and  needs  beyond  planned  available  parts.  Districts  may 


purchase  these  items  from  SICP. 


g.  The  District  shall  submit,  along  with  letter  report  required  by 


reference  (a)  (9004.6.2)  a summary  report  showing  engines  overhauled. 


hours  between  overhaul,  and  center  section  parts  renewed  (other  than 


those  required  by  the  T.P.  Amendment). 


5.  Cancel! at 'on.  This  notice  is  cancelled  upon  incorporation  of  the 


policy  in  reference  (a)  or  on 


which  ever  comes  first. 


is  1-l-rri  t 
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Enclosure  (1)  to  COMDTNOTE  9410 


CENTER  SECTION  OVERHAUL  INTERVALS 


ENGINE 

FAIRBANKS 
38T0U  1/8 
3808  1/8 

ALCO 

16-251B 

CQOPER-BESSEMER 

GN-8 

GSB-8 

FV8M 


INTERVAL  (Hours) 


9000  - 10*000 
9000  - i 0,000 


10,000  - 12,000 


6000  - 7000 
6000  - 7000 
10,000  - 12,000 


* Any  engine  already  exceeding  the  .stated  interval  shall  have  the 
center  section  overhauled  within  the  next  2000  hours. 


110  copies 
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